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On  the  8th  of  March,  1905  Mikhail  Semenovich  Tsvet  reported  to  the  Biological 
Section  of  the  Warsaw  Naturalists*  Society  his  discovery  of  the  new  chromatographic 
method.  His  report  was  published  the  same  year  In  the  Proceedings  of  the  Society 
(19O)  Vol.  l4,  pp.  20-39)  under  the  title  "A  new  category  of  adsorption  phenomena 
and  their  application  to  biochemical  analysis* ,  Although  a  number  of  observations 
adduced  by  M.  S.  Tsvet  relating  to  the  discovery  of  the  highly  effective  chromato¬ 
graphic  method  had  already  been  noted  In  a  number  of  his  earlier  articles,  March 
1903  Is  now  accepted  as  the  date  of  this  noteworthy  discovery.  50  years  have 
elapsed  since  that  time.  These  years,  particularly  the  last  25  years,  were 
years  during  which  the  chromatographic  method  has  been  widely  developed.  Improved, 
and  used  In  an  ever  Increasing  number  of  fields  of  knowledge  and  technics.  Soviet 
scientists  have  contributed  significantly  to  the  development  of  chromatographic 
methods  and  have  succeeded  In  unravelling  the  theoretical  bases  of  chromatography, 
and  worked  out  more  effective  and  expedient  methods  for  applying  chromatographic 
techniques.  An  attempt  has  been  made  In  the  present  article  to  point  out  the 
significance  of  chromatographic  methods  In  analytical  chemistry  and  to  Indicate 
some  characteristic  examples  of  Its  application  In  this  field. 

The  analysis  of  mixtures  has  been,  and  still  Is,  the  main  field  of  application 
of  the  chromatographic  method.  In  order,  therefore^  to  evaluate  the  significance  and 
position  held  by  chromatography  In  analytical  chemistry  It  Is  necessary  to  consider 
the  general  features  and  basic  tendencies  In  the  development  of  analytical  chemistry 
itself. 

In  the  course  of  the  Intensive  development  of  analytical  chemistry,  side  by 
side  with  the  ever  Increasing  Interest  displayed  In  the  determination  of  traces 
of  material  and  In  the  analysis  of  very  small  amounts  of  material  [1,2],  two 
tendencies  have  become  more  apparent;  the  selective  determination  of  a  given 
component  In  a  complex  mlxtoire  and  the  selective  separation  of  a  definite  component 
from  a  mixture.  Colorimetric  methods  are  graphic  examples  of  the  selective 
determination  of  one  component  In  a  complex  mixture.  On  the  one  hand, one  should 
note  the  switch-over  from  determination  of  naturally  colored  components  to  the 
use  of  highly  sensitive  reagents  which  can  give  Intensely  colored  compounds 
with  the  component  sought  for.  This  method  of  approach,  the  basis  of  which 
was  laid  by  M.  A.  Illnsky  and  L.  A.  Chugaev,  Is,  at  the  present  time  being 
successfully  developed  by  V.  I.  Kuznetsov' [3-5 1»  while  on  the  other  hand, the 
technique  of  colorimetric  determination  Is  being  continuously  Improved;  a  change 
over  from  simple  colorimeters  of  the  DubosC  type  by  means  of  which  the  colors  of 
one -component  systems  can  be  compared,  to  photocolorimeters  and  to  spectrophoto- 
colorlmeters  which  Increase  the  selectivity  of  colorimetric  methods  considerably 
and  enable  colored  compounds  to  be  determined  when  they  are  present  together  [6]. 
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Ore  of  the  greatest  achievements  In  the  developoient  of  instrumental  methods  Is 
X-ray  r  ctral  analysis  based  on  a  study  of  X-ray  spectra  vhlch  are  practically 
1 rdependent  of  the  presence  of  other  materials  [7^81 •  principle,  determina¬ 
tions  carried  out  by  means  of  radioactive  indicators  are  independent  of  the 
composition  of  a  mixture  and  of  experimental  corditions. 

For  all  methods  of  this  group,  the  presence  of  specific  means  of  identifying 
the  components  and  the  determination  of  their  concentrations  are  characteristic 
for  each  of  them.  Thus,  in  spectroscopy  the  vave-length  characterizes  the  nature 
of  a  component, vhlle  the  line  intensity  detemlnes  its  araoimt;  in  polarography, 
the  nature  of  a  component  can  be  determined  from  its  half-wave  potential, while 
its  amount  is  given  by  wave-height,  etc. 

Methods  for  selective  isolation  of  particular  components  from  a  mixture 
are  related  to  their  conversion  into  another  phasej  of  these  methods  it  la 
sufficient  to  mention  precipitation,  distillation,  and  extraction  [9/10]-  Each 
of  these  methods  has  its  own  particular  advantages  and  disadvantages;  thus, 
extraction  techniques  yield  very  pure  products,  but  only  a  comparatively  small 
number  of  substances  is  amenable  to  such  treatment  (particularly  selective 
extraction).  Precipitation  of  difficultly  soluble  compounds  is  one  of  the 
oldest  methods  (gravimetric  aualyslo),  few  elements,  however,  can  be  isolated  by 
this  technique  and  the  purity  of  the  products  ohtaired  Is  not  always  high, because 
of  side  reactions  (co-preclpltatlon,  occlusion,  etc.)  (111.  Distillation  can 
only  be  applied  to  the  separation  of  fairly  volatile  components  which  differ 
appreciably  in  their  vapor  pressures;  distillation  has  hardly  been  used  at  all 
up  to  the  present  in  Inorganic  analysis. 

Chroma togpraphy  belongs  to  this  secor.d  group  of  methods  which  involves  the 
selective  isolation  of  a  particular  component  [12);  in  chromatograjshy  also 
we  have  either  a  transfer  of  the  components  to  be  determined  Into  the  sorbent 
phase  (partition  chromatography,  -ion  exchange)  or  the  formation  of  a  special 
jihase  by  the  component  (adsorption  chromatography).  The  absence  of  specif J.C 
indices  of  the  nature  and  amount  of  component  Is  general  for  all  methods  of 
this  group.  Thus,  both  during  precipitation,  distillation,  and  extraction  the 
nature  of  the  individual  components  is  established  .by  specific  reactions,  Just;  as 
^  their  amounts.  This  fact  is  completely  obvious  and  needs  no  clarification. 
Nevertheless  in  the  field  of  chromatography  the  question  of  the  posBlbllity  of 
a  direct  and  purely  chromatographic  determination  of  the  amount  of  a  component 
Is  not  always  clear  enough  and  is  seldom  dlscusued  in  the  literature.  A  number 
of  experimental  papers  [15,  l4),  have  been  devoted  to  an.  ex.placation  of  the 
relation  between  zone  hel^t  on  a  chromatogram  and  the  concentration  of  the 
substance  to  be  analyzed  in  solution.  The  results  of  these  experiments  are 
not  very  reassuring.  Only  in  Individual  cases,  end  even  then  only  with  a  lov 
accuracy  which  la  determined  not  only  by  the  difficulty  of  measuring  zone  height, 
hut  also  by  other  considerations  of  a  much  more  fundamental  character*,  has  it 
been  possible  to  establish  the  required  relation.  The  reason  for  this,  vhlch 
follows  from  the  simple  theory  of  chroma togpraphlc  dynamics  [15],  is  that  the 
substance  on  the  chromatogram  zones  is  unevenly  distributed;  thus,  in  the 
case  of  a  convex  Isotherm  in  adsorption  chromatogpraphy,  most  of  the  material 
is  found  in  the  front  part  of  the  zone  and  only  a  small  part  of  It  Is  fo\md 
in  the  form  of  a  **tail"  in  the  upper  part.  The  picture  is  the  reverse  vben 
the  isotherm  is  concave.  It  is  natural  that  the  unequal  distribution  of  the 
material  in  the  zone  excludes  the  possibility  of  comparing  the  total  zone 
height  with  the  amount  of  c(Mponent  being  analyzed.  It  may  be  considered, 
therefore,  that  the  theory  of  chromatogfraphy  and  also  accumulated  experimental 
data  have  completely  confirmed  what  M,  S.  Tsvet  said:  "The  question  arises 
whether  it  is  Impossible  for  the  chromatographic  or  chroma toscopic  method  to 
be  transformed  into  a  chromatometric  method  which  can  express  the  respective 
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amounts  of  components  In  a  mixture  by  the  heights  of  the  "adsorbed  zones* 
determined  by  them,  l.e,  determining  them  In  ’adsorption  equivalents*. 

Experiments  carried  out  by  myself  along  these  lines  did  not  give  satisfactory 
results,  and  theoretical  considerations  indicate  that  the  proposed  relation 
between  the  amount  of  pigment  being  determined  and  the  hel^t  of  adsorbent 
column  occupied  by  It  does  not  exist"  [l6].  Thus,  the  application  of 
chromatography  In  chemical  analysis  follows  the  aim  of  Isolating  particular 
components  for  their  subsequent  Identification  and  determination  of  their 
amounts  by  chemical,  physical,  or  physico-chemical  methods. 

Chromatographic  technique  Is  very  simple  and  has  changed  comparatively 
very  little  since  M.  S.  Tsvet' s  time.  Improvements  predominantly  relate  to 
automatic  fractionation.  The  separation  of  a  mixture  of  components  which 
resemble  each  other  In  their  properties  necessitates  the  selection  of  a  large 
number  of  fractions,  and  frequently  takes  a  long  time.  This  fact  makes  it 
expedient  to  use  special  apparatus  which  can  carry  out  fractionation  of  the 
filtrates  coming  from  the  columns.  A  fairly  large  number  of  set  ups  for  such 
a  purpose  has  been  described  In  the  literature  (vlde,e.g.  [17^)  in  which  the 
set  ups  are  operated  either  by  changes  In  weight  of  the  receivers  with 
accumulation  of  filtrate,  or  when  a  definite  number  of  drops  has  fallen  into 
the  receiver,  etc.  An  apparatus  which  can  be  recommended  was  constructed  by 
us  about  2  years  ago  In  conjunction  with  S.  V.  Kuzmin  and  V.  A.  Yanchevsky 
at  the  Institute  of  Geochemistry  and  Analytical  Chemistry ,  (Figs  1  and  2). 

The  principle  of  this  apparatus  Is  as  follows:  after  given  time  Intervals  the 
apparatus,  which  Is  connected  to  an  electric  clocks  switches  on  an  electromagnet, 
the  electromagnet  In  turn  attracts  a  spindle  connected  by  means  of  a  cog 
mechanism  to  an  axle  on  which  the  funnels  arranged  underneath  the  columns 
are  fixed.  The  volume  of  filtrate  taken  Is  regulated  by  the  outflow  velocity 
of  the  solution  from  the  chromatograjihlc  columns.  Constant  outflow  velocity  . 

Is  ensured  because  the  wash  solution  Is  kept  In  a  flask  of  large  volume 
similar  to  a  Harlot  flask.  The  use  of  such  apparatus  frees  the  worker  from 
the  necessity  of  supervising  the  experiment  and  enables  him  to  work  on  a 
large  number  of  columns  simultaneously.  The  column  dimensions  can  be  varied 
through  a  wide  range  (Fig.  5)^)  the  choice  of  column  being  determined  by  the 
amount  of  mixture  to  be  handled. 

For  paper  chromatography  GEOKhl*^  uses  a  special  cell  In  which  the  paper  Is 
suspended  In  a  space  saturated  with  the  vapors  of  the  solvent  being  used  so 
as  to  stop  the  paper  drying  out. 

The  components  of  the  test  mixture  can  be  conveyed  along  the  sorbent  layer 
by  continuously  passing  through  the  column  either  the  test  mixture  itself 
(frontal  analysis),  or  a  solution  which  does  not  contain  the  components  of 
the  test  mixture  (wash  analysis),  or  finally,  a  solution  containing  a  substance 
which  Is  sorbed  more  readily  than  any  of  the  components  of  the  test  mixture 
(displacement  analysis).  These  three  variants  of  chromatographic  analysis  are 
shown  schematically  In  Fig.  4.  It  Is  pertinent  to  note  that  the  displacement 
of  gaseous  components  In  the  case  of  adsorption  chromatography  can  be  successfully 
carried  out  by  gradually  (from  above  downward)  heating  the  colimin  [id,  19] • 

In  recent  years  a  number  of  articles  has  been  published  [20,21],  which 
describe  how  components  of  test  mixtures  were  conveyed  along  the  sorbent 
layer  by  applying  a  direct  current  to  the  ends  of  the  chromatographic  column. 

This  approach  Is  a  development  of  S.  I.  Dyachkovsky*  a  very  interesting  work 
[22],  In  which  he  suggested  and  worked  out  an  electrocaplUary  method  of 
analysis;  the  essence  of  the  latter  method  Is  the  application  of  an  electric 
field  to  a  piece  of  filter  paper  soaked  with  the  solution  to  be  analyzed. 

^  See  Plate,  page  228. 

^)  (SlOKhI  s  Institute  of  Geochemistry  and  Analytical  Chemistry.  Publisher. 
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By  means  of  chromatographic  methods  It  1b  poBclble  to  separate  mixtures  of 
closely  related  organic  compounds  (Fig.  5)  and  also  mixtures  of  rare-earth 
elements  (25l,  and  Isotopes  [24],  In  these  cases  extremely  small  quantities 
(gamma  amounts)  can  he  handled  and  he  completely  extracted  from  the  col.urans. 

The  use  of  small  amounts  of  test  mixtures  favors  chromatographic  techniques^ 
since  a  decrees?  In  specific  loading  (ratio  of  weight  of  test  mixture  to 
weight  of  sorbent)  Increases  many  times  the  elementary  acts  of  separation. 

It  Is  also  expedient  to  carry  out  the  process  under  conditions  corresponding 
to  an  approximation  of  the  system  to  cqul Uhrliun  (low  throughput  solution 
velocity  and  small  sorhent  grains).  most  diverse  org'^nlc  and  Inorganic 

mixtures,  hoth  colored  and  colorless  have  been  oenirated  by  means  of  chromato¬ 
graphic  methods, 

M.  G.  Tflvet  applied  the  method  of  chroputogri«phy  which  he  developed  for 
the  separation  of  plant  plpneuts  and  It  Is  from  this  fact  that  the  method 
derives  Its  name,  Nevertheleso  he  van  fully  aware  of  the  possibility  of 
extending  this  method  to  colorless  substances,  file  foresight  has  been  clearly 
confirmed  by  all  subsequent  developments  In  chromaiogrtipliy;  In  Its  turn  this 
necessitated  developing  other  methods  of  observing  chromatographic  processes 
since  In  the  case  of  colorless  materials  visual  observation  Is  naturally  out 
of  the  question.  In  this  connection  one  must  first  of  nil  mention  the 
illumination  of  chromatographic  columns  with  ultra-violet  light  (25,26],  in 
order  to  detect  any  luminescent  substances.  Sometimes  resort  has  been  made 
to  converting  colorless  compounds  Into  colored  ones,  either  at  the  beginning 
of  an  experiment  (running  carboxyl  compounds  through  a  column  at  the  aarae 
time  Qs  dlnltrophenylhydrazlne,  or  amines  with  picric  acid,  etc.), or  directly 
after  separation  on  the  column  Itself  (e.g.,  washing  a  column  of  colorleao 
sorbent  with  a  solution  of  ammonium  sulfide  or  potassium  ferrocynnlde  during 
the  separation  of  certain  cations,  or  the  use  of  Indicators  for  detecting 
zones  occupied  by  organic  adds).  These  methods  however  have  a  limited 
application:  on  the  one  hand  maay  suhstonces,  e.g.  the  simplest  hydrocarbona, 
do  not  give  colored  derivatives;  while  on  the  other  hand  the  conversion  of 
colorless  compounds  Into  colored  compounds  before  chromatographic  separation 
as  a  rule,  essentially  lovers  the  possibility  of  separating  the  components, 
since  complexing  the  molecule  smooths  out  differences  In  the  properties  of 
the  primary  comjxDnents  of  the  test  mixture.  These  factors  have  attrocted  a 
great  deal  of  work, In  which  It  Is  suggested  that  fractionation  of  colorless 
filtrates  be  carried  out  Instead  of  observing  the  chromatograms  on  the  colimus 
directly.  Developments  along  these  lines  are  also  determined, as  shown  above, 
by  the  fact  that  a  quantitative  determination  of  the  contents  of  the  compoPA-ats 
in  test  mixtures  cannot  be  carried  out  by  measuring  zone  heights  on  the  co.luniu, 
but  requires  direct  methods  of  estimation  after  quantitative  separation  of  the 
mixture. 

Determination  of  filtrate  composition  or  changes  in  Its  composition  (which 
determines  the  expedient  combination  of  Individual  samples)  Is  candled  out  at 
the  present  by  a  number  of  methods.  For  separating  a  mixture  of  gaseous  compon^^ntu 
measurements  of  refractive  Index  or  thermal  conductivity  of  samples  Issuing  fnxa 
the  column  are  often  made. 

In  the  case  of  colorless  organic  liquids,  the  refractive  Index  of  the 
Is  usually  measured  (best  of  all  by  means  of  an  Interferometer,  since  this  chows  up 
clearly  the  difference  In  refractive  Indices  between  filtrate  fractions  and  thi? 
pure  solvent  passed  through  the  column).  The  method  of  detecting  the  appeamoc^ 


of  a  new  material  la  a  filtrate  by  the  formation  of  "diffusion  strlatlona*  la  of 
great  Interest  [27];  the  fall  of  a  drop  Into  a  cell-receiver  leads  to  the  forma¬ 
tion  of  a  characteristic  strlatlon  which  Ic  easily  visible  (using  the  requisite 
projection)  on  a  screen.  For  the  separation  of  mixtures  of  Inorganic  compounds^ 
one  has  to  resort  to  qualitative  tests;  nevertheless,  the  method  Involving 
determination  of  filtrate  activities  when  small  amounts  of  radioactive,  labelled 
atoms  are  added  to  the  mixture  before  separation  Is  proving  of  Inestimable  value 
and  Is  acquiring  Increasing  Importance.  Radioactive  Indicators  ensure  the 
possibility  of  detecting  component  zones  on  chromatographic  columns  directly. 

The  universal  use  of  chromatographic  methods  Is  based  on  the  existence 
of  four  variants;  adsorption,  partition.  Ion-exchange,  and  precipitation 
chromatography.  Each  kind  of  chromatography  has  its  own  characteristic  mechanism, 
which  governs  the*  nature  of  the’  sorbents  to  beoemployed. 

The  simplicity,  efficiency,  and  universal  applicability  of  chromatographic 
methods  are  the  reasons  for  their  wide  application  In  chemical  analysis.  It  is 
Impossible  to  encompass  all  the  variety  of  work  carried  out  In  chromatography 
within  the  framework  of  this  article;  we  shall  therefore  only  adduce  belov 
Individual  examples  which  are, however,  as  characteristic  as  possible,  of  the 
application  of  chromatography  to  the  analysis  of  mixtures  of  the  simplest  organic 
as  well  as  of  Inorganic  compounds.  The  analyses  of  mixtures  of  biochemically 
Important  compounds  will  only  be  mentioned  In  very  broad  terms.  In  accordance 
with  the  general  policy  of  the  Journal  of  Analytical  Chemistry. 

ANALYSIS  OF  MIXTURES  OF  SIMPIE  ORGANIC  COMHJUNDS 

Analysis  of  simple  organic  compounds  can  be  carried  out  by  adsorption, 
partition,  and  In  part  by  Ion-exchange  chromatography.  The  choice  of  one  or 
other  variant  of  the  chromatographic  method  for  a  given  problem  depends  funda-  . 
mentally  on  the  nature  of  the  components  of  the  mixture.  It  is  therefore 
natural  that  hydrocarbons  can  only  bp  analyzed  by  means  of  adsorption  chroma¬ 
tography.  It  is  expedient  to  analyze  mixtures  of  hydrocarbon  derivatives 
which  possess  different  polarities  by  means  of  x)artltlon  chromatography. 

Finally,  analysis  of  compounds  which  dissolve  In  water  with  subsequent  dissoc¬ 
iation  Into  Ions  can  be  carried  out  by  Ion-exchange  chromatography.  One  must 
take  Into  account  the  fact  that  the  best  variant  to  use  Is  determined  by  the 
possibility  of  bringing  out  to  the  greatest  extent  the  differences  in 
properties  of  the  components  of  the  test  mixture.  Thus  the  change  In  dipole 
moment  of  isomeric  compounds  or  lengthening  of  the  hydrocarbon  chain  in 
homologous  polar  derivatives  of  the  alcohol  type  or  organic  acid  type  is 
most  clearly  expressed  by  changes  In  their  solubility  and  not  by  changes  in 
the  extent  to  which  they  are  adsorbed. 

Solubility  In  water  (g/lOO  g  solvent) 

Butyric  acid  miscible  Normal  butyl  alcohol  7*36 

Valeric  acid  5.7  Sec.  •  ■  12.5 

Ca prole  acid  0  Tert.  ■  '*  miscible 

In  this  case  therefore  it  would  be  more  convenient  to  use  partition 
chromatography^  whose  efficiency  Is  determined  by  the  value  of  the  partition 
coefficient  (which  Is  related  to  the  solubility  of  the  substance)  between 
the  Immiscible  phases. 

ADSORPTION  CHROMATOCSUIIHI 

The  separation  of  mixtures  by  means  of  this  chromatographic  variant  is 
determined  by  the  adsorbabllity, which  In  turn  Is  related  to  peculiarities  in 
the  structure  and  composition  of  a  molecule.  Physical  adsorption  is  determined 
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'>*  the  energy  of  interaolec'ilar  interaction  -  vhlch  is  basically  orlentatlve 
•nd  dispersive  [28].  As  a  result,  to  the  first  approximation,  the  adsorbablllty 
of  substances  on  a  non-polar  sorbent  of  the  active  charcoal  type  Is  determined  by 
the  polarizability  of  the  adsorbate  molecules.  This  means  that  the  adsorbablllty 
of  molecules  which  differ  In  composition  but  consist  of  the  same  atoms  (e.g.  hydro¬ 
carbons)  increases  with  Increasing  molecular  weight;  when  comparing  the  adsorbablllt 
of  molecules  of  differing  composition,  the  value  of  the  polarization  of  atoms  and 
bonds  must  be  taker  Into  account.  On  polar  sorbents  of  the  silica  gel  type 
adsorbablllty  Is  determined  both  by  the  polarization  and  by  the  dipole  moments. 

The  v'alue  of" the  latter  is  particularly  high  In  compounds  with  low  polarizability 
(water,  methyl  alcohol,  etc.).  Molecular  structure  has  also  a  considerable 
influence  cn  adsorbablllty;  thus,  other  conditions  being  equal,  in  order  of 
adsorbablllty  or  active  charcoal  we  get  aromatic  compounds  first,  followed 
by  naphthenic  and  lastly  paraffinic  hydrocarbons. 

Adsorbablllty  depends  basically  also  on  the  structure  of  the  adsorbent,  a 
lot  of  work  has  been  devoted  by  M.  M.  Dubinin  (29l,  to  a  study  of  the  structure 
of  activated  charcoal;  A.  V.  Klseler  has  studied  the  structure  of  silica  gel 
[30],  The  adsorbents  which  have  the  greatest  adsorption  energy  are  adsorbents 
with  small  pores,  and  they  accordingly  find  wide  application  for  the  chromato¬ 
graphic  separation  of  substances  which  are  not  easily  adsorbed. 

The  success  of  an  experiment  Is  very  often  dependent  on  the  choice  of  solvent 
As  a  rule,  the  adsorbablllty  of  a  solvent  should  be  much  lower  than  that  of  any 
of  the  components  of  a  test  mixture.  This  ensures  that  the  resolving  capacity  of 
the  adsorbent  Is  brought  out  to  Its  full.  If  the  solvent  adsorbablllty  Is  very 
high.  It  Is  possible  that  the  components  of  a  test  mixture  may  not  be  separated 
and  will  pass  through  the  column  Into  the  filtrate. 

A  great  amount  of  work  has  been  done  on  the  sejjaratlon  of  organic  mlxturer. 
by  means  of  adsorption  chromatography.  We  shall  confine  ourselves  to  a  few 
examples. 

The  determination  of  total  hydrocarbons  In  air  can  be  carried  out  easily  by 
converting  them  to  carbon  dioxide  on  a  platinum  wire  followed  by  subsequent 
absorption  of  the  carbon  dioxide  with  alkali,  and  back  titration  of  excess 
alkali  with  acid.  The  problem  of  separating  Individual  hydrocarbons  by  purely 
chemical  methods  Is  practically  Impossible.  It  la  better, therefore, to  carry 
out  a  preliminary  separation  of  such  mixtures  by  means  of  adsorption  chromato¬ 
graphy.  As  has  been  shown  In  one  of  O’lr  papers  [31],  absorption  of  a  mixture 
of  the  simplest  hydrocarbons  by  a  column  of  activated  carbon  of  predetermined 
humidity  and  subsequent  passage  of  pure  air  through  the  column  leads  to  a  quanH  - 
tatlve  separation  of  methane,  ethane,  propane,  mixtures;  methane  came  out  In  the 
first  UOO  ml  of  air,  while  no  hydrocarbons  were  present  at  all  In  the  next  400 
ml  of  air;  ethane  came  out  after  passing  1000-4000  ml  of  air;  propane,  under 
the  conditions  chosen  by  the  author, was  not  removed  from  the  column  even  when 
10,0C'0  ml  of  air  had  been  passed  through,and  could  only  be  stripped  off  the- 
column  by  heating  the  column.  Small  variations  in  the  ratios  of  the  components 
In  the  original  mlvture.  In  the  temperature  and  the  air  velocity  through  the 
column  did  not.  affect  the  degree  of  separation.  Subsequent  determination  of 
individual  ccmjonents  was  carried  out  by  combustion  as  described  above. 

E.  A.  Mikhailov  and  B,  A-  Kazansky  have  worked  out  and  Improved  a  chromato¬ 
graphic  method  of  determining  the  content  of  aromatic  hydrocarbons  in  admixture 
with  naphthenic  and  paraffinic  hydrocarbons.  They  showed  [27],  that  on  passing 
a  test  mixture  through  a  column  of  industrial  silica  gel  of  small  pore  size  and 
washing  the  column  first  with  ethyl  alcohol  and  then  with  water.  Initially  only 
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the  naphthenic  and  paraffinic  hydrocarbons  pass  through  Into  the  filtrate;  the 
aromatic  hydrocarbons  appear  considerably  later.  If  the  separation  of  the 
fractions  Is  not  clean  cut  enough,  then  they  are  recycled  through  the  column 
and  washed  with  pentane  or  Isopentane.  Theauthors  separated  the  aromatics  from 
the  solvents  by  washing  with  water  (to  remove  alcohol),  or  distillation  (for 
removal  of  pentane). 

PAKTITION  CHROMATOGRAPHY 

The  separation  of  mixtures  by  partition  chromatography  Is  determined  by 
differences  In  the  partition  coefficients  of  the  components  between  two  immiscible 
phases,  one  of  which  (the  •fetationaiy  phase*)  Is  located  In  the  sorbent  pbres, 
while  the  other  Is  the  wash  solvent  (**moblle  phase*).  In  most  of  the  work 
carried  out,  hydrophilic  substances  such  as  silica  gel  (with  coarse  pores  so 
as  to  decrease  the  adsorption  effect)  or  starch  have  been  used  for  holding  one 
of  the  liquid  phases;  as  a  result  of  this,  only  water,  or  low  molecular  weight 
organic  compounds  with  high  dipole  moments  (methyl  alcohol,  nitromethane,  etc.) 
can  be  used  as  the  '*itatlchar^  phase". 

The  efficiency  of  partition  chromatography  is  basically  decided  by  the  choice 
of  mobile  and  Immobile  phases.  One  must  bear  In  mind  that  the  possibility  of 
separating  a  mixture  and  the  simplicity  of  a  determination  are  determined  by  the 
difference  in  partition  coefficients.  In  this  connection  tljprefore  it  is  obvious 
that  the  liquids  for  the  two  phases  must  be  chosen  so  that  the  partition 
coefficients  of  the  components  of  the  test  mixture  between  the  mobile  and  fetationary 
phases  should  be  as  different  as  possible  in  magnitude.  As  an  example  we  shall 
quote  the  analysis  of  a  mixture  of  fatty  acids  by  means  of  partition  chromatography. 

V.  L.  Kretovlch  et  al  [32],  chose  industrial  silica  gel  as  well  as  silica  gel 
prepared  by  themselves  as  sorbent.  The  Immobile  phase  was  water,  while  the  mobile 
phase  was  a  mixture  of  butyl  alcohol  and  chloroform.  To  carry  out  their  analysis 
the  test  mixtures  were  neutralized  with  0.1  N  alkali  using  phenolphthalein  as  indi¬ 
cator,  and  the  whole  evapoorated  to  dryness  on  a  water  bath.  The  residue  was  treated 
with  1:1  sulfuric  acid  until  the  salts  dissolved  when  sodium  sulfate  was  added. 

The  liquid  was  extracted  5  times  with  a  1^  solution  of  butyl  alcohol  in  chloroform. 
The  solution  thus  obtained  was  transferred  to  a  column  which  was  then  first  washed 
with  the  1^  solution  of  butyl  alcohol  in  chloroform  until. ail  the  butyric  acid 
had  been  extracted,  and  then  with  a  5^  solution  of  butyl  alcohol  in  chloroform  to 
wash  out  propyl  and  acetic  acids.  The  zone  containing  formic  acid  was  mechanically 
removed  from  the  column.  The  acids  in  the  filtrates  were  determined  by  titration 
with  0.05  N  NaOH. 

N,  A.  Fuk’s  work  on  the  determination  of  the  gamma -Isomer  of  hexachloro- 
cyclohexane  in  technical  products  (331,  and  the  analysis  of  mixtures  of  ammonia 
and  amines  [3^]  is  of  great  interest. 

The  use  of  paper  pulp  and  filter  paper  as  sorbent  in  partition  chromato¬ 
graphy  has  in  recent  years  become  more  widespread  (35,36).  A  detailed  re'frlew 
of  work  in  this  field  has  been  given  in  V.  V.  Pachlnsky’ s  article  (37]*  The 
use  of  'paper  chromatography"  for  the  analysis  of  inorganic  mixtures  wflJL  be 
described  in  a  subsequent  section. 

Paper  chromatography  has  been  successfully  used  for  the  analysis  of  amino 
acid  mlxtxires  and  of  protein  hydrolyzates  (35,37]* 

Successful  separation, as  usual,  for  this  method  depends  on  the  differences 
in  the  Rf  values  for  the  individual  components  of  tne  test  mixture,  where 

P  ^  rate  at  which  substance  moves 
^  *  rate  at  which  solvent  moves  * 
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A  aixture  consisting  of  a  siall  nuaber  of  amino  acids  can  be  separated  on  a 
narrow  strip  by  using  c’^.e  scl' ent  (strip  or  uni-dlmenslonal  chromatography). 

While  even  when  a  large  number  of  components  are  present(and  differences  In  the 
Rf  \alues  are  small),  the  mixture  can  be  successfully  separated.  If  the  paper  is 
used  in  conjunction  with  two  organic  solvents.  An  example  of  this  type  is  the 
ar.alysis  of  rabbit  skin  hydrrlyzate  (58)  (the  two  dimensional  chromatogram  depicted 
in  Fig.  6  was  obtained).  The  individual  spots  were  detected  on  the  paper  after 
development  with  a  0,2%  solutlcn  of  nlnhydrln  (1)  aspartic  acid,  2)  glutamic  acid, 

3)  serine,  U)  glycine,  5)  lysine,  6)  arginine,  7^  alanine,  8)  histidine,  9)  hydroxy- 
prollne,  10)  prollre,  and  11)  valine).  By  means  of  this  method  (59)  it  was  shown 
that  when  1-aspartlc  acid  Is  decarboxylated  by  mlcro-bacterla  a-alanine  is  formed. 
Carnosine  and  anserine  were  also  detected  in  heart  muscle  (^*0). 

In  order  to  Increase  the  efficiency  of  chromatographic  separation  on  paper, 
a  number  of  authors  have  used  an  adlltlonnl  factor  ~  an  electric  field  (tl,  42). 

By  using  an  electric  field  It  has  been  found  possible  to  Bejjarate  glutamic  acid 
from  arginine,  and  aspartic  acid  from  lysine. 

A  large  number  of  articles  Is  now  Available  in  the  literature  on  the  combined 
chromatographic  ~  ionophoretic  method  (^5,44). 

,  TON-EXCHANGE  CHROMATOGRAPHY 

Separation  by  means  of  lon-e> change  chromatography  (see  below)  is  dependent 
on  differences  In  the  capacities  of  the  Ionic  components  to  exchange  with  mobile 
sorbent  Ions.  In  one  sense  lon*exchange  chromatography  can  be  of  significance 
only  for  the  separation  of  organic  compounds,  such  as  organic  acids,  which  dissociat 
In  aqueous  solution.  Nevertheless,  the  analysis  of  mixtures  of  certain  organic 
compounds  In  which  the  chemical  Interaction  of  the  mixture  components  with 
specially  prepared  Ion-exchange  materials  Is  used.  Is  of  Interest  and  opens 
up  new  perspectives. 

The  separ*'tlcn  of  mixtures  of  amino  acid,  vitamins,  and  alkaloids  is  based 
on  the  following  principle.  It  was  found  (45),  that  a  salt  Is  formed  between 
the  basic  amino  groups  and  the  add  form  of  a  cationite  (cation-exchange  resin) 

® .  g .  I 

RH  +  NHa'CHR*-  COOlT  7^=^  RNHa'CHR'’  COOH. 

Cationites  In  their  calcium  and  sodium  forms  do  not  react  with  amino  acids. 
Anionites  fAmberllte  IR-4b  and  deacldlte)  react  with  dlcaVboxylic  acids  (but 
not  with  mono-carboxyllc  acids)  according  to  the  scheme: 

RNHa-HX  +  HY  RNH2-HY  +  HX, 
where  RKH2*HX  Is  the  anionite;  HY  —  any  amino  acid. 

Glutamic  and  aspartic  acids  have  been  separated  by  means  of  ion-exchange 
resins  (46).  Various  methods  and  apparatus  have  been  proposed  for  the 
separation  of  amino  acids  (47,48). 

The  use  of  chemical  Interaction  between  an  ion-exchange  resin  and  the  test 
mixture  components  may  be  illustrated  by  the  separation  of  alcohols  or  organic 
acids  from  aldehydes  and  ketones  and  the  separation  of  mixtures  of  the  latter. 
Aldehydes  and  ketones  form  a -hydroxy sulfonic  acids  on  interaction  with  bisulfite. 

RCHO  +  HSC^i*  RCHOHSOa";  R2CO  +  HSOa"  ^  RaCOHSQs*. 

It  has  been  shown  (49),  that  on  passing  an  aqueous  solution  of  a  mixture  of 
ethyl  alcohol  and  furfural  or  other  aldehyde  in  the  bisulfite  form  throu^  an 
Ajnberllte  IRA-400  column,  and  washing  the  column  with  a  small  amount  of  water. 


the  ethyl  alcohol  passes  through  Into  the  filtrate;  In  order  to  extract  the  fur¬ 
fural  a  solution  of  sodium  carbonate  plus  bicarbonate  Is  passed  through  the  col¬ 
umn.  The  experimental  error  does  not  exceed  1^.  By  simple  modifications  of  the 
experimental  conditions  It  was  found  possible  to  separate  or^nlc  acids  from  al¬ 
dehydes  and  ketones  [^0],  and  to  separate  mixtures  of  aldehydes  and  ketones  [^l]. 

ANALYSIS  OF  MIXTURES  OF  INORGANIC  COMPOUNDS 

Inorganic  mixtures  can  be  analyzed  by  means  of  Ion-exchange,  partition,  or 
precipitation  chrcmatography.  The  choice  of  which  variant  to  use  depends  on  the 
nature  of  the  test  mixture  components,  and  on  the  conditions  under  which  differ¬ 
ences  In  the  properties  of  the  components  to  be  determined  can  be  shown  up  to 
their  best  advantage. 

Relatively  speaking, Ion-exchange  chromatography  Is  the  variant  most  widely 
used.  Partition  chromatography  Is  of  Importance  for  compounds  which  under  suit¬ 
able  conditions  can  be  brought  Into  the  organic  phase.  In  this  sense  there  Is  a 
complete  analogy  between  partition  chromatography  and  extraction,  with  the  es¬ 
sential  difference  that  by  means  of  partition  chromatography  It  Is  possible  after 
one  experiment  to  Isolate  a  number  of  comi)onenta  from  a  mixture  In  a  pure  state, 
even  when  the  components  have  very  similar  properties.  Precipitation  chromato¬ 
graphy,  the  basic  principles  of  which  have  only  been  formulated  fairly  recently, 
has  hitherto  found  only  limited  application  [52,55] • 

ION-EXCHANGE  CHROMATOGRAPHY 

At  an  early  stage  In  the  development  of  the  chromatographic  method,  com¬ 
paratively  unstable  cationites^  often  of  variable  compos It Ion, were  used  in  ion- 
exchange  compounds;  e.g.  silicates,  zeolites,  silica  gel.  Fuller’s  earth,  etc. 
Nevertheless,  even  when  these  materials  were  used.  It  was  found  possible  to  deter¬ 
mine  certain  datlons  easily,  particularly  those  of  the  heavy  metals  when  present 
simultaneously.  By  passing  the  test  solution  through  chromatographic  columns 
filled  with  a  colorless  Ion-exchange  compound  (clay,  silica  gel,  etc.)  and  sub¬ 
sequently  washing  the  column,  separate  zones  were  obtained  whlch,on  treatment 
with  reagents  (ammonium  sulfide,  etc.),  could  be  converted  Into  colored  zones. 
Schwab  [5^]>  using  this  method,  got  the  following  arrangement  for  a  series  of 
Ions: 

As®'*’  -  Sb®'*’  -  Bi®'*’  -  Cr®'*’  -  UOi'*'  ~  -  Cu®'*’  -  Ag'*’  -  Zn^*. 

Fe®^  Co®**" 

Nl^-*- 

Cd^-*- 

Fe^* 

The  sequence  changes  essentially  when  the  Ions  are  first  converted  Into  the 
ammonia te  complexes  of  the  metals: 

tCo(IIHs)el®*-[Zn(NH3)«]2+-[Cd(HH3)4l2*-[Nl(IIH3)6l®'*’-lAg(IIHo)2l*. 

[CuCHaa).]** 

In  recent  years  the  sorbents  used  In  the  practical  application  of  ion- 
exchange  chromatography  to  chemical  analysis  have  been  Invariably  synthetic 
organic  lon-cxchange  materials  and  they  have  practically  replaced  Inorganic 
Ion-exchange  materials  (aluminum  oxide,  permutlte,  zeolites)  and  sulfonated 
coal.  The  synthetic  organic  lon-excbange  compounds  155-57]  which  are  conden¬ 
sation  or  polymerization  products  excel  all  other  ion-exchange  materials  in 
their  exchange  capacity,  particularly  under  favorable  experimental  conditions 
(acid  or  alkaline  media)  and  are  reasonably  chemically  stable  and  mechanically 
durable.  The  high  capacity  of  Ion-exchange  materials  depends  on  their  acces¬ 
sible  volume.  The  fact  that  even  at  present,  methods  of  synthesizing  Ion- 
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e'ch-irge  n'’.teri'ils  rc ssessi^g  Incre'xsed  c'^racity  with  regard  to  particular 
elements  are  bei^'g  ir’.pred  rvt  is  •'Isr  rf  great  importance.  In  this  connec- 
tiwan  particular  at‘^en»;on  s>'ru]d  be  drawn  to  V.A.  Klyachko's  work  [58],  In 
which  he  syrtheslzed  a  number  rf  selective  cationites  by  introducing  during 
the  crrdensatir •  .:tage  srd-.vm et^vlere  diamine  tctracetate  (for  calcium  absorp¬ 
tion).  dimethyl fflvoxlrre  <.*Vr  nickel  absrrpticn)  and  chroaotropic  acid  (for 
absorrtirr  rf  ♦itanl^.’m,  grl-i,  v'»nadiura ,  etc. ) . 

The  large  arle^y  Pur.  il*-.n  catirnltes  and  anionites  which  is  being 
turned  out  at  rre.aert  or  ♦he  lahrratrry  and  also  on  the  semi  technical  scale 
make  the  crrrrara*  ire  ♦estlrg  o**  lc»'*-exchftnge  materials  with  a  view  to  selec¬ 
ting  the  most  rrciislrg  material  ^rr  a  particular  analytical  problem  of  vi¬ 
tal  importanca  .'Vme  results  obtained  by  the  present  authors  on  the  basic 
characteristics  r.f  Pusslan  and  foreign  lon-e>change  materials  were  published 
in  crnjuncl  Irn  with  K.  '/  ®'lll*rir.  ’a  It  19f2  (^9l.  Ttwas  shown  there  that 
in  selecting  an  Icr-exchange  m.a^erial  one  must  give  preference  to  those  which 
have  the  highest  exchange  cap.aclty  at  the  pH  determined  by  the  nature  of  the 
test  mixture.  The  character  cT  the  relation  between  exchange  capaclty.and 
the  pH  which  was  e\perlKen*al iv  est tblished  by  potent lome trie  titration 
is  detemlnedby  the  rature  r<*'  ♦he  Icrlc  greup  of  the  Icn-exchange  material. 
Thus,  ♦he  excharge  capacity  o*'  sul ^crated  cationites  (RSO3H)  is  practically 
Independen*’  o'*  the  nu  of  the  so, luttc’’,  while  for  cationites  containing  the 
carboxyl  group  (FfCOH*;,  the  capacity  Increases  essentially  with  increasing 
pH;  finally,  cationites  with  hydroxyl  groups  can  only  undergo  ion-exchange 
reactions  in  alkaline  media?  Since  In  a  large  number  of  cases  ionic  groups 
of  different  tyres  can  be  present  simultaneously  in  cationites.  It  follows 
that  e-^perlments  with  cationites  should  be  carried  out  In  media  which  are 
as  basic  as  pcs.  ible  Or  the  other  hand  the  exchange  capacity  of  anionites 

is  realized  to  its  dullest  extent  in  acid  media. 

• 

At  present,  synthetic  Icr.-exchange  resins  are  being  applied  at  an 
Increasing  rate  in  analysis,  ""ho’-igb  lon-exchnnge  chromxr.atography  cannot 
be  regarded  as  an  Independent  meshed  In  analytical  chemistry,  it  is  never¬ 
theless  an  e^ceedirgly  important  Intermediate  stage  in  analytical  proces¬ 
ses  which  ensures  lso:a^lcn  cf  particular  elements  from  the  mixture 
being  analyzed. 

THE  ISOIATTfN  CATTCNS  AND  ANION.S  DITUNG  THEIR  DETERMINATION 

retermlratlop  rf  iprn,  aluminum,  magnesium  and  other  ions  In  the 
presence  of  sulfate  and  phosphate  is  a  very  complex  analytical  problem. 

The  results  obtained  Ir.  practice  .suffer  from  fundamental  errors  and  the 
analytical  procedure  Is  v^erv  lengthy.  The  position  can  be  radically 
changed  if  the  cations  are  serarated  from,  the  anions,  since  their  deter¬ 
mination  can  be  carried  out  subr.equently  by  well  known  and  simple  methods. 

Such  a  separation  Is  easily  effected  by  means  of  cationite  columns. 
Thus,  on  ras:.lrg  a  test  solution  through  a  column  charged  with  a  cationite 
in  the  H-fc-rm  (PSO'H),  cations  are  separated  from  anions  according  to  the 
scheme; 

2PS0^,H  +  MeS04  7 — >  (R--S03)2Me  +  H2S04, 

where  Me  -  Fe,  Mg,  etc. 

As  a  result  cf  the  exchange  reaction  the  cations  become  Joined  to 
the  active  cationite  groups.  Sulfate  and  phosphate  anions  pass  throu^ 
into  the  filtrate  and  after  the  column  has  been  washed  with  distilled 
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water,  can  be  determined  by  normal  methods. 

The  adsorbed  cations  can  be  easily  removed  by  washing  the  column  with  dilute 
nci.  The  removal  of  cations  from  the  resin  can  be  represented  by  the  scheme; 

(R—S03)2Me  +  2HC1  IJT  2RSO3H  +  MeClg. 

After  washing  the  column,  all  the  metals  will  be  in  the  form  of  their  chlor¬ 
ides  In  this  second  filtrate;  In  this  form  they  can  be  easily  determined. 

On  washing  the  column  with  HCl,  the  cationite  Is  reconverted  Into  the  H-form, 
and  Is  ready  for  further  use. 

Determination  of  the  sulfate  Ion  as  barium  sulfate, which  at  first  glance 
seems  to  be  a  simple  problem,  does  not  always  give  the  right  results,  because  of 
copreclpltatlon  of  Ions  of  magnesium,  sodium  ammonium,  etc.,  which  might  be  In 
the  solution,  with  the  BaS04.  A  preliminary  sej^aration  of  sulfate  with  an  Ion- 
exchange  resin  excludes  such  errors  and  also  simplifies  and  speeds  up  the  determin¬ 
ation.  On  passing  the  test  solution  through  a  cationite  in  Its  H-form,  the  sulfate 
comes  through  as  sulfuric  acid, which  can  be  determined  by  titration  with  alkali 
or  can  be  determined  gravlmetrlcally  as  BaS04.  The  application  of  cationites, 
however.  Is  not  always  successful.  E.g.,  we  observed  that  If  chromium  or  copper 
are  present  In  solution,  then  part  of  the  sulfate  Is  held  back  by  the  cationite 
because  of  coordination  compound  formation.  At  the  same  time,  part  of  the  metal 
I>asses  through  Into  the  filtrate  as  a  complex  chromium  anion.  We  found  that 
preliminary  addition  of  ammonia  to  the  test  solution  rectifies  matters,  since 
the  complexlng  capacity  of  ammonia  Is  greater  than  that  of  sulfate  Ions.  As  a  re¬ 
sult,  copper  and  chromium  are  held  back  by  the  cationite  In  the  form  of  ccmiplex 
cations. 

This  method  of  separating  Ions  may  be  used  for  routine  analysis  of  t-able 
salt  for  Its  chloride  content.  On  passing  the  solution  through  a  column  filled 
with  a  cationite  In  the  H-form,  HCl  passes  through  Into  the  filtrate,  and  this 
can  be  titrated  with  alkali. 

RSO3H  +  NaCl  RSOaNa  +  HCl, 

These  methods  have  already  found  wide  practical  application.  Some  authors 
[6O-62]  have  determined  the  concentration  of  salt  solution  containing  NaCl, 

Na2S04,  NaN03,  Cu(N03)2,  etc.  by  titration  of  the  respective  acids  obtained  on 
passing  the  salt  solutions  through  cationites  In  their  H-form  with  alkali. 

This  technique  can  be  used  as  an  Indirect  method  of  determining  the  mois¬ 
ture  content  of  salts.  The  principle  of  this  method  Is  to  determine  the  true 
salt  concentration  In  solution  by  titration  of  the  acids  formed  on  passing  the 
salt  solution  through  a  cationite  In  Its  H-form  with  alkali.  The  difference 
between  true  salt  concentration  and  the  concentration  calculated  on  the  basis  of 
weight  of  salt  originally  taken  corresponds  to  the  moisture  content  of  the  salt. 

In  principle  It  Is  possible  to  use  both  cationites  anu  anionites  for  the  determ¬ 
ination  of  moisture  content  by  the  chromatographic  method.  In  the  case  of  anion¬ 
ites,  It  Is  of  course  alkali  that  Is  formed  and  titrated. 

An  aliquot  of  the  test  solution  Is  passed  twice  through  a  column  of  KU-1 
cationite  In  the  H-form.  The  column  Is  then  washed  with  a  large  amount  of  dis¬ 
tilled  water.  The  wash  water  Is  combined  with  the  filtrate  and  the  whole  titrated 
with  0.^  N  sodium  hydroxide.  The  moisture  content  Is  given  by  the  formula; 

B  -  •  lOOJ, 
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•here  c->  =  C;  is  the  sodium  hydroxide  concentration^  Vi  Is  the  volume  of 

sodium  hydroxide  used  for  titration^  Is  the  volume  of  salt  solution  passed 
through  the  column;  Cp  Is  the  true  concentration  of  salt  In  the  original  solution; 
and  C3  Is  the  concentration  of  salt  In  the  original  solution,  calculated  on  the 
basis  of  the  weigh*’  laken-  This  method  determines  total  water,  both  hygroscopic 
and  crystallization. 

According  to  G.  E.  Kurllcblkova,  this  method  for  determination  of  the  mois¬ 
ture  content  of  any  salt  gives  jresults  with  errors  of  +  1^.  Comparison  of  this 
method  with  others  leads  us  to  hope  that  the  rapid  and  simple  chromatographic 
method  will  find  use  In  analyt.lcal  practice. 

The  use  of  cationites  for  the  determination  of  sulfate  Ions  in  raw,  feed, 
and  drinking  water,  has  been  described  by  a  number  of  authors  [63-68],  Effective 
methods  have  also  been  worked  out  for  the  determination  of  phospliate  by  means  of 
cationites  (69-7^1 • 

Polarographlc  determination  of  sulfates  cannot  be  carried  out  In  the  presence 
of  Iron,  aluminum,  cobalt,  manganese,  and  zinc.  This  problem,  however,  has  now 
been  solved  by  removing  these  metals  by  using  a  cationite  [71) • 

CONCENTRATION  AND  SEPARATION  OF  CATION  MDCTURES 

For  the  analysis  of  raw  water  and  waste  water  from  factories,  in  which  the 
usual  practice  has  been  to  concentrate  by  evaporation  in  order  to  get  sufficient 
of  the  components  being  tested  for,  it  is  better  to  filter  the  water  through  col¬ 
umns  filled  with  cationites  or  anionites. 

Filtration  through  colxomns  filled  with  a  cationite  in  its  H-form  can  be  suc¬ 
cessfully  applied  to  the  determination  of  metal  ions,  e.g.,  copper  and  other  ions 
in  milk  [72],  various  wines, and  fruit  Juices. 

In  many  Instances  the  conjoint  use  of  concentration  on  a  column  with  a  poLar- 
ographlc  finish  gives  excellent  results  for  the  determination  of  traces  of  metals 
[73 1,  In  objects  of  animal  or  plant  origin. 

Amphoteric  metals  can  be  removed  quantitatively  from  anions  and  non-ampho- 
terlc  cations  by  absorption  wl+h  cationites  and  subsequent  extraction  from  the 
column  with  alkali.  Zinc,  aluminum,  antimony,  molybdenum,  and  tungsten  were  re¬ 
moved  in  this  way  from  the  basic  hydroxides  of  Iron,  copper,  and  other  metals  [7^]. 
This  method  has  an  essential  advantage  over  the  usual  alkali  separation,  since 
extraction  of  Ions  by  the  hydroxides  is  eliminated. 

The  chromatographic  separation  of  chromium  and  manganese  from  iron  is  based 
on  the  oxidation  of  the  first  two  elements  to  the  negatively  charged  and 

Mn04“  Ions,  respectively,  while  Iron  remains  as  Fe®+,  On  passing  such  a  mixture 
through  a  cationite  colximn  only  Fe^”*"  is  retained,  while  chromium  and  manganese 
pass  into  the  filtrate. 

Zirconium  and  hafnium  [75 )>  can  be  separated  from  other  cations  by  forming 
non-associated,  electrically  neutral  molecules  of  Zr0(N03)2  and  Hf0(N03)2,  so  that 
on  treatment  of  a  test  mixture  with  nitric  acid  all  .'ther  metals  remain  as  simple 
cations  and  on  filtering  through  a  colum*:,  are  retained  on  the  absorbent  while  the 
zirconium  and  hafnium  pass  through  into  the  filti'ate. 

In  the  analysis  of  native  platinum,  separation  of  platinum  group  metals 
from  other  contaminants  (iron,  copper,  etc.)  can  be  effected  by  dissolving  the  test 
samples  in  aqua-regla,  whereby  ions  of  different  charge  are  formed  [76);  all  the 
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platinum  group  metals  appear  as  complex  ailions  (PtClsl^"*,  [RhCleP*' 

flrClei^*^  ®nd  are  not  retained  on  the  sorhent  on  passing  through  a  column  contain¬ 
ing  a  cationite  In  the  H-form|  Iron,  copper,  and  other  contaminants  under  these 
conditions  remain  as  simple  catlons,and  are  held  hack  by  the  active  group  of  the 
cationite. 

The  different  complex  forming  capacities  of  various  elements  forms  the  basis 
for  a  wide  range  of  methods  for  Isolating  different  elements  from  mixtures  In  ana¬ 
lytical  practice. 

By  using  a  5^  citrate  solution  at  pH  1.6,  Iron  can  be  converted  Into  a  complex 
anion  of  the  composition  [FeCltal***",  which  can  pass  through  a  cationite  as  the  am¬ 
monium  salt  and  can  thereby  be  separated  from  aluminum  which  remains  as  a  simple 
cation  Al^'*'  under  these  conditions  [76].  The  aluminum  Is  retained  on  the  column 
and  can  be  subsequently  washed  off  for  determination  by  the  usual  method. 

At  higher  pH's  alumlnun,Ju3t  like  Iron, forms  a  complex  citrate  anion 
[AlClt^]^",  and  will  therefore  pass  Into  the  filtrate.  It  Is  on  this  fact  that 
a  method  of  separating  calcium  and  magnesium  from  Iron  and  aluminum  In  the  ana¬ 
lysis  of  ores  has'been  based  (7Tl«  Under  these  conditions  calcium  and  magnesium 
are  absorbed  by  the  cationite. 

Molybdenum  can  be  conveniently  determined  In  ferromolybdenum  by  an  Ion-ex¬ 
change  method.  Both  metals  are  found  In  the  form  of  charge  Ions  MoQ2^'*’  and 
[FeClaJ^  In  HCl  solution.  On  passing  the  solution  through  sulfonated  coal  In  the 
H-form  Iron  passes  Into  the  filtrate,  while  the  molybdenum  Is  subsequently  extracted 
with  alkali. 

Another  example  [78],  of  the  separation  of  this  pair  of  metals  In  the  ana¬ 
lysis  of  ferromolybdenum  Is  the  use  of a  mixture  of  phosphoric  acid  and  ammonia, 
with  which  only  the  Iron  forms  a  stable  complex  of  the  apparent  composition 
[Fe(P04y^ "which  Is  retained  on  a  column  of  aluminum  oxide.  Molybdenum  as  well  as 
vanadium  pass  Into  the  filtrate. 

Ion-exchange  chromatography  has  considerably  simplified  the  analysis  of  copper- 
Iron  ceramic  alloys  and  bronzes  (79].  The  separation  of  copper  from  Iron  is  based 
on  differences  In  the  stability  of  their  pyrophosphate  complex  compounds.  As  a  re¬ 
sult  of  successive  treatment  of  the  test  solution  with  pyrophosphate  and  ammonia 
(pH  10-11)  the  metals  to  be  resolved  are  found  In  different  Ionic  statesi  Iron  as 
the  complex  anion  (Fe(P207)3]®*,  and  copper  as  the  cation  (CuCNHa)^!^^. 

Filtration  of  the  solution  through  a  column  of  SBS  cationite  In  the  H-form 
leads  to  quantitative  separation  of  Iron  from  copper. 

Copper  and  aluminum  were  successfully  separated  under  the  same  conditions  by 
changing  the  complexlng  agent.  Aluminum  In  a  mixture  of  tartaric  acid  and  ammonia 
forms  the  complex  anion  (A1(C4H40q)3]3"j  while  copper  remains  as  the  complex  cat¬ 
ion  (Cu(NH3)4]^‘*’' 

When  it  Is  necessary  to  separate  copper  from  Iron  and  aluminum  a  mixture-  of 
salicylic  acid  and  ammonia  (pH  10)  Is  employed.  Under  these  conditions  Iron  and 
aluminum  form  the  complex  salicylate  [MeSala]®";  while  copper  remains  as  the  cup- 
rammonium  Ion  (Cu(NH3)4]2'*’^  and  on  filtering  the  solution  through  a  column  Is 
retained  by  the  cationite. 

A  simple  separation  of  mixtures  containing  manganese  and  iron  is  based  on 
their  varying  capacities  to  form  complex  compounds  with  ammonium  oxalate  at  pH  of 

Under  these  conditions  only  Iron  forms  a  complex  anion  [Fe(C204)3]^  J  manganese 
remains  as  the  simple  cation  Mn^  which  is  held  back  by  a  cationite  In  the  H-fom. 
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Fis.  2.  An  apparatus  for  automatic 
fractionation  of  2  columns  of  av 
erage  size. 


Fig.  1.  An  apparatus  for  the  automatic 
fractionation  of  %  small  columns. 


Fig.  3.  Chromatographic 
columns. 
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Fig.  4.  Three  methods  for  carrying  out  chromatography, 


Fig.  5.  Paper  chromatogram  of  pro* 
collagen  from  rabbit  skin. 
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V.  Osipova  separated  Iron  from  chromium  by  a  preliminary  treatment  of  the 
solution  with  thiocyanate.  Only  chromium  forms  a  stable  complex  compound  with 
an  anion  of  composition  [Cr(SCN)e]^*  ;  Iron  remains  as  a  simple  cation  and  Is  held 
by  the  cationite  KU-2  In  the  H-form  on  passing  the  solution  through  a  column. 

Ion-exchange  resins  have  been  successfully  used  for  separating  alkaline- 
earths  and  rare-earth  elements.  A  number  of  papers  has  been  devoted  to  this 
question  [23,  80,  8_l).  A  mixture  of  the  dissolved  salts  of  the  rare  earths  Is 
absorbed  by  the  upper  layer  of  the  column  filled  with  cationites  of  the  Amberllte 
and  Dowex  type,  and  Is  then  washed  with  a  dilute  solution  of  or^nlc  acids 
(citric  or  tartaric).  The  extent  to  which  the  mixture  Is  resolved  depends 
essentially  on  the  concentration  of  the  complex Ing  agent  and  the  pH  of  the 
solution.  In  this  way  even  such  closely  related  pairs  as  praseodymium  and 
neodymium  have  been  resolved. 

Separation  of  rubidium  and  cesium  was  effected  on  Dowex-50  by  washing 
the  column  with  0.15  N  hydrochloric  acid.  Ion-exchange  resins  have  been  used 
for  the  extraction  and  Isolation  of  nuclear  fission  products  [23,82].  On 
passing  mixtures  through  cationites  In  the  H-form  (Amberllte  IRrl,  IR-100  or 
Dowex-50)  a  complete  separation  of  cations  from  anions  has  been  made.  By 
modifying  the  preliminary  treatment  and  the  washings  of  the  column.  Individual 
radlo-lsotopes  have  been  Isolated  from  their  mixtures  and  Identified. 

Mixtures  can  be  separated  on  the  basis  of  differences  In  the  basicity 
and  acidity  of  Its  components.  It  has  been  shown  [83]  that  chloride  and 
sulfate  Ions  can  be  easily  separated  by  passing  the  mixture  of  the  respective 
adds  through  an  anionite.  Sulfate  Ions  are  absorbed  In  the  upper  part  of  the 
column. 


By  choosing  a  suitable  Ion-exchange  resin  which  Is  acid  or  basic  enough, 
respectively,  to  neutralize  any  one  of  the  components  of  the  mixture.  It  Is  easy 
to  separate  weak  acids  (HCN,  HaS,  phenols,  carbon  dioxide  and  salicylic  acid) 
from  strong  acids  (HNO3,  HCl,  H2SO4,  etc.),  by  passing  the  mixture  through  a 
weakly  basic  anionite  capable  of  neutralizing  only  strong  acids. 

Ion-exchange  resins  have  been  used  for  determining  the  Instability 
constants  of  complex  compounds  [84,85],  for  purifying  chemical  reagents  [86], 
and  for  the  preparation  of  demineralized  water  which  can  be  used  successfully 
to  replace  twice  distilled  water. 

PARTITION  CHROMATOCRAIOT 

A  large  amount  of  work  has  appeared  In  recent  years  In  which  paper  Is 
being  used  more  and  more  frequently  as  the  carrier  for  the  Immobile  phase.  The 
successful  application  of  this  method  depends  wholly  on  the  quality  of  the  paper 
used.  Special  types  (’’paper  for  chromatography")  are  prepared  using  pure  cellulose 
as  a  base,  and  special  methods  are  used  for  processing  It  In  order  to  ensure  freedom 
from  mineral  contamination  and  to  give  a  homogeneous  layer.  The  paper  prepared  In 
this  way  can  have  varying  densities.  Watmann  No.  1  and  No.  2  are  the  types  most 
widely  used  abroad.  Of  the  Russian  types  of  paper,  filter  paper  (blue  ribbon), 
the  so-called  basis  of  "crab  parchment",  and  also  a  special  type  of  chromatographic 
paper  (No.  3)  developed  by  TsNIIB  can  be  used  for  chromatographic  analysis. 

Paper  chromatography  Is  very  simple.  A  drop  of  the  test  mixture  is 
placed  on  a  strip  or  sheet  of  paper.  The  paper  is  placed  in  a  special  container 
saturated  with  vapors  of  the  solvent  being  used.  The  strip  or  sheet  is  lowered 
into  a  bath  containing  an  organic  solvent  saturated  with  water.  When  separation 
is  complete  (the  liquid  front  has  moved  30-50  cm)  the  paper  is  dried  and  developed 
with  special  reagents. 
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When  sheets  of  parer  are  used,  after  drying  they  are  turned  through  90* 
and  the  other  edge  of  the  paper  lowered  Into  a  second  solvent  which  produces 
a  further  separation  of  the  mixture  because  the  zone  velocities  In  different 
solvents  vary.  The  paper  Is  then  dried  and  developed  with  suitable  reagents. 

The  chroma tograir  obtained  Is  a  pattern  of  spots  on  the  paper.  The  analysis 
of  a  few  alloys  are  given  below  as  examples. 

An  alloy  containing  platinum,  palladium,  gold,  silver  and  copper  was 
dissolved  In  aqua-regla;  after  removal  of  excess  acid  by  evaporation  the 
residue  was  diluted  with  water  [87].  A  drop  of  this  'solution  was  placed  on 
a  test  paper,  n-butyl  alcohol  containing  1  N  hydrochloric  acid  being  used 
as  the  solvent.  The  mixture  of  n-butyl  alcohol  and  hydrochloric  acid  was  also 
used  for  the  separation  of  a  mixture  of  aluminum,  gallium,  indium  and 
zirconium  [88]. 

Gold  in  admixture  with  the  platinum  metals  [89],  can  be  separated  by 
using  methyl-n-propyl  ketone  plus  hydrochloric  acid  as  the  mobile  solvent. 

The  gold  zone  moving  at  the  same  speed  as  the  solvent  comes  first,  the  mixed 
platinum  +  palladium,  and  rhodium  ■¥  Iridium  zones  cme  behind. 

By  using  methyl-n-propyl  ketone  and  acetone  plus  hydrochloric  acid, 
cobalt,  copper,  iron,  manganese,  and  nickel  (88),  can  be  separated.  Nickel, 
cobalt,  and  copper  zones  are  developed  with  rubeanlc  acid,  the  manganese 
zone  with  silver  nitrate,  and  the  iron  zone  with  potassium  ferrocyanlde . 

M.  Lederer  [90li  carried  out  systematic  measurement  of  the  Rf  coefficients 
for  the  majority  of  the  metals;  he  used  butyl  alcohol  saturated  with  1  N 
hydrochloric  acid,  or  10^  nitric  acid,  or  10^  and  20^  hydrogen  bromide 
respectively  as  mobile  solvents. 

A  method  has  been  described  (91 ^‘or  the  quantitative  separation  of 
cadmium  from  copier  alloys. 

The  behavior  of  cations  with  respect  to  various  mixtures  of  solvents,  both 
pure  solvents  and  ones  containing  complexlng  agents  (92,93)#  bas  been  studied 
by  a  number  of  authors.  These  same  authors  have  described  methods  for  the 
qualitative  analysis  of  mixtures  of  lead,  silver,  mercury,  iron,  tin,  strontium, 
barium,  cadmium, cobalt,  nickel,  bismuth,  arsenic,  antimony,  calcium,  aluminum, 
etc.  They  used  butyl  alcohol  +  benzoylacetone  as  solvent;  Rf  values  are  given 
for  a  number  of  anions  (chlorides,  bromides,  nitrates,  etc.). 

Vanadium  can  be  separated  from  admixture  with  other  componentsby  using 
ethyl  ether  or  tetrahydrosylvene  +  nitric  acid  and  hydrogen  peroxide. 
8-Hydroxyqulnollne  can  be  used  as  the  developer  in  this  instance. 

A  large  amount  of  work  bas  been  done  on  the  paper  chromatogrc5)by  of  nickel, 
cobalt,  copper,  aluminum,  ironand  titanium  [9^].  The  author  bas  shown  bow  it  is 
possible  to  separate  these  components  both  by  the  use  of  pure  solvents  (acetone, 
benzene,  dloxane,  and  a  number  of  alcohols,  etc.)  and  by  the  use  of  mixtures  of 
these  solventswlth  hydrochloric  acid,  formic  and  other  acids.  This  work  is 
mainly  of  a  qualitative  nature.  The  following  mixtures  were  separated-: 

1)  nickel-copper;  2)  copper-cobalt;  3)  nickel-cobalt;  U)  iron-t Itanium;  5)  Iron- 
aluminum;  6)  titanium-aluminum. 

Recently  a  thesis  by  Eliseeva  was  published  (95) •  On  the  basis  of  literature 
results  and  also  from  her  own  work  on  Russian  chromatographic  paper,  the  author 
gives  a  table  of  Rf  values  for  UO  cations  using  10  solvents.  The  possibility  was 
demonstrated  of  separating  a  mixture  of  metals  precipitated  by  pyridine  at  a  pH 
of  6.3  (aluminum, chromium,  iron,  titanium,  zirconium,  and  uranium)  by  using  two 
solvents  successively;  methyl  butyl  ketone  containing  2.5^  nitric  acid  and  ethyl 
alcohol  containing  10^  of  5  N  hydrochloric  acid.  By  using  two-dimensional 


230 


MMNliNai 


i^nsii 


chrcir/itogmms,  cations  precipitated  by  S-hydroxyqulnollne  were  separated.  In 
this  case  butyl  alcohol  brou^t  to  equilibrium  with  2  N  hydrochloric  acid 
and  acetone  containing  5^  vaterand  Qjt  hydrochloric  acid  were  used  as  solventB. 

Despite  the  universal  use  of  *paper  chromatography*  which  enables  the 
most  diverse  substances  (both  organic  and  Inorganic)  to  be  determined,  its 
essential  drawback  Is  the  impossibility  of  using  It  for  the  separation  and 
Isolation  of  large  amounts  of  material.  This  can  be  overcome  by  using 
chromatographic  columns  filled  with  cellulose  pulp  [36], 

The  use  of  ethyl  ether  containing  5^  nitric  acid  as  a  solvent  for  the 
determination  of  uranium  In  minerals  and  ores  enables  a  rapid,  simple  and 
accurate  method  to  be  worked  out  for  the  quantitative  separation  of  this 
element  (96],  The  main  difficulty  Is  the  preparation  of  the  cellulose  pulp. 
Results  are  given  In  the  literature  for  the  use  of  briquettes  prepared 
beforehand.  V.  K.  Saryglna  prepared  pulp  as  follows  for  a  number  of  experl- 
meats.  The  crushed  cellulose  (If  possible,  not  containing  any  mineral 
contaminants)  is  allowed  to  swell  and  then  boiled  with  distilled  water 
containing  (5-5^)  nitric  acid.  In  this  way  a  homogeneous  mass  containing 
filaments  of  a  particular  size  Is  obtained.  By  varying  boiling  time,  pulps 
with  varying  filament  sizes  (which  determines  the  throughput  through  the 
column)  can  be  obtained  (l.e.  a  pulp  with  a  definite  degree  of  beating).  The 
pulp  Is  finally  freed  from,  nitric  acid  by  washing  with  distilled  water.  In 
order  to  get  a  homogeneous  mass  In  a  dry  state,  the  pulp  Is  worked  up  with 
alcohol  and  ether.  This  treatment  also  serves  as  an  additional  method  for 
freeing  the  cellulose  from  a  number  of  contaminants. 

The  column  Is  prepared  as  follows:  the  tube  Is  first  filled  with  the 
solvent  to  be  used  and  small  amounts  of  the  dry  paper  pulp  are  Introduced. 

In  order  to  get  the  densest  possible  layer,  the  top  of  the  column  Is  left' 
open  during  all  the  filling  operations,  solvent  being  added  as  necessary. 

In  the  case  of  analysis  of  mixtures  whose  components  are  only  soluble  in 
water,  one  should  soak  a  small  amount  of  dry  paper  pulp  with  the  solution  being 
used  and  place  it  on  the  top  part  of  the  column.  Direct  Introduction  of  the 
aqueous  solution  destroys  the  homogeneity  of  the  pulp  and  leads  to  Its  •  coiling 
up”.  Preliminary  results  on  the  separation  of  salt  mixtures  gave  completely 
satisfactory  results. 

Such  are  the  basic  features  of  the  application  of  chromatography In  analytical 
chemistry.  It  can  be  seen  how  chromatography  which  was  originally  designed  for 
solving  a  specialized  problem  -  viz,  the  composition  of  the  pigments  of  green 
leaves,  is,  at  present  being  widely  used  for  the  separation  of  the  most  diverse 
mixtures  of  organic  and  Inorganic  substances,  the  number  of  |»pers  published  each 
year  increasing  all  the  time.  This  Is  the  beet  and  clearest  proof  of  the 
productivity  of  the  Ideas  of  our  renowned  compatriot  Mikhail  Semenovich  Tsvet. 

Received  April  15,  1953. 
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THE  CHROMATCGR/VPHtC  METHOD  IN  QUALITATIVE  ANALISIS 

I^rt  I 


K..  M.  Olshnnova  and  K.  Y.  CMutov 
The  Irstl»^u*e  of  Physical  Chemistry  of  the  Acad.  Scl.  USSR,  Moscow 


M.  S.  Tsvet* s  chroiLatographIc  adsorption  method  (ll,  has.  In  recent  years 
found  vide  ap;llcatlon  in  orgartc  and  inorganic  chemistry.  In  biochemistry, 
medicine  and  in  other  sciences  and  branches  of  Industry.  The  theory  of  chroma¬ 
tographic  araiysls  and  Its  variants  have  been  successfully  developed. 

Chromatographic  adsorption  of  Inorganic  materials  Is  still  In  its  Initial 
stages  of  study.  E.  N.  Capon  has  vorked  out  a  theory  of  lon-ev.change  chroma¬ 
tography  [2-6],  but  the  dynamics  of  Ionic  exchange  has  only  been  studied  to  a 
comparatively  small  extent.  Individual  examples  of  the  separation  of  inorganic 
cations  and  anions  are  given  in  the  literature,  but  as  yet  no  systematic 
Investigations  have  been  made  vhlch  would  lead  to  the  creation  of  an  Independent 
chromatographic  method  In  qualitative  analysis.  There  Is  no  doubt  that  the 
development  of  a  chromatographic  method  of  qualitative  analysis  would  also  lead  to 
the  creation  of  quantitative  adsorption  met^ds. 

It  can  be  postulated  that  the  characteristic  features  of  the  chromatographic 
method  In  analysis  can  be  reduced  to  the  folJ.owlng; 

1)  Many  analytical  operations  which  are  difficult  and  require  a  lot  of  time 
to  carry  them  out  can  be  simplified  considerably,  and  the  time  reduced  by  the  use 
of  chromatograms. 

2)  The  use  of  selective  adsorption  can  lead  to  a  rapid  separation  of  groups 
of  cations  and  anions  and  also  to  separation  of  Individual  ions  from  complex 
mlf.tures;  the  grouping  of  cations  and  anions  may  be  different  to  those  of  classical 
analysis,  and  the  groups  themselves  may  contain  a  smaller  number  of  representatives 
which  facilitate  subsequent  separation  Into  Individual  components  or  even  their 
detection. 

3)  The  use  of  complex  formation  can  lead  to  the  separation  of  elements  of 
similar  chemical  properties,  e.g.  alkali  and  alkaline-earth  elements,  etc. 

By  using  differences  In  the  instability  constants  of  complex  compounds  at 
a  given  pH,  the  complexes  can  be  separated  from  the  general  mixture. 

4)  By  means  of  selective  adsorption  cations  can  be  separated  from  such  anions 
as  SOf*,  POj*  etc.,  while  on  the  other  hand  cations  which  Interfere  with  sulfate 
Ion  determination  can  be  removed. 

In  order  to  apply  the  chromatographic  method  successfully  In  qualitative 
analysis  It  was  necessary  to  clarify  the  adsorablllty  of  cations  and  anions  on 
various  adsorbents  separately  for  each  analytical  group  of  Ions  as  defined  by  the 
classical  methods  of  qualitative  analysis. 

According  to  published  material  the  study  and  compilation  of  an  adsorption 
series  of  certain  cations  and  anions  on  a  small  number  of  adsorbents  has  been 
carried  out  by  a  few  authors.  Schwab  and  c'oworkers  In  1937  were  the 
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first  to  descrll)^  the  ser^rntlrn  of  cations  hy  a  chroicatographic  method  In  n 
column  of  Xerck's  alumicujc  o.lde  ai^aiDicate  standardized  hy  Brockman* 8  method^ 
and  a  sepiratlcn  of  anlors  on  a  ccluirn  of  alumlcum  oxide  given  a  prellmlmry 
treatment  with  nitric  acid. 

The  adsorption  series  for  cations  from  the  top  of  the  column  downward 
was  as  follows: 

H*  > As  '+>  >B1- ■*>  Cr’ *  >  >Cu^'^>Ag'*‘>Zn2**'> Co**^>Tl'*‘>Mn*‘*'. 

Fe‘‘*  Nl*+ 

Cd»+ 

Fe^^ 

Schwab' s  adsorption  series  for  anions  on  aluminum  oxide  was  supplemented 
by  Capon  and  Shuvaeva  [1>]  to  give: 

OH- >P03*>C50|“>SC%*  *  [Fe(CNVl-"  *  CrOj*> >S05""’t^e(CN)^l’*  * 

=  Cr20?“>N0?  >  CNS->  I  *>  Br~>Cl~  >N0n“>Mn04’>  CIO4-  >CHjCXX)*> 

Schwab  [1C,161,  also  established  a  different  adsorbablllty  for  complex 
Ions  obtained  from  solutions  of  amirr.nluir  and  tartrate  salts^  on  aluminum  oxide. 

The  adsorption  series  for  the  amtonlum  complexes  were: 

>  Zn-"*  Nl^^>Ag* 

while  the  adsorption  series  for  the  tartrate  complexes  were 

:r  cd^t  s  zn^^  »  >  Fb"'^  >Cu^^>Bl^^  >Fe^^>Cr^^. 

Erlenmeyer  and  Dahn  (I7l,  proposed  8-hydro »yqulnollne  as  an  adsorbent 
and  established  the  following  sequence: 

VOo- >  W05"  >Cu^'* >  Co*^i>‘Zn^^>Fe^'*‘>lK)i\ 

According  to  Erlermeyer  and* Dahn,  this  sequence  corresponds  to  the  solubllltle 
of  the  hydroxyqulnolates  in  water.  ‘The  authors  explain  chromatographic  separation 
by  the  formation  of  hydrc*yqulr.olates  on  the  surface  of  the  hydroxyqulnollne 
crystals.  As  a  result  of  the  formation  of  the  difficultly  soluble  vanadates 
and  tungstates  of  hydroxyqulnol Ine,  both  cations  and  anions  are  separated  simul¬ 
taneously  on  the  given  column. 

T.  B.  Capon  and  E.  N.  Capon  [18,  21],  In  19^8  established  an  adsorption 
series  of  cations  on  permutlte  prepared  according  to  the  Kumako,  Berg  and 
Sveshnlkova  method  (19l.  The  order  of  adsorption  on  permutlte  was  found  to  be: 

Hg*-  >  Fe'’'»  >Hg|'*'>Ag*-  Pb2^>Tl^>U0i'*‘  >  Mn^'*'. 

Zn^^ 

Co2^ 

Davydov  and  Llsovlna  [22],  established  the  following  adsorption  seqxience 
for  a  number  of  cations  on  bentonite: 

Published  material  shows  that  aU.  the  cations  and  anions  which  are  met  In 
the  ordinary  course  of  Inorganic  qualitative  analysis  have  been  studied  during 
a  study  of  adsorption  series.  Adsorption  series  for  the  alkali  and  alkaline- 
earth  metals  are  not  available,  nor  series  for  cations  In  groups  and  5*  The 
same  applies  to  anions. 

The  aim  of  our  work  was  to  establish  adsorption  series  for  cations  and  anions 
on  a  few  adsorbents  for  each  group  of  Ions  separately.  This  will  enable  methods 
to  be  worked  out  In  the  future  for  obtaining  and  developing  colored  chromatograms 
for  the  qualitative  detection  of  cations  and  anions  in  a  systematic  course  of 
analysis. 
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TABLE  1 

Cation  Adsorption  Series  on  Various  Adsorbents 


Adsorbent 


Chromato¬ 

graphic 

aluminum 

oxide 

Permutlte 


j Cations  of  the 
I  group 


A13+  >  Sb3+  > 
>Sn2'^ 


_ Adsorbtlon  series _ 

Cations  of  the  ^  Cations  of  the  3rd 
4th  group  group 


Bl^'*'  >Hg2-‘^  >  Fe^"^  5*  Cr®+  >A1^-*'  > 

!  >Hg2+>Pb2+>  .  >Zn2+  -00^+  *  Nl^-**: 
•  >Cu2'*‘>A8'^  ^  s  Fes**-  >Mn='+ 

:  >Cd^^ 


Cations  of  I  Cations  of 
the  2nd  the  Ist 
group  : group 

Mg2+ >Ba2+> 

>Ca2^  ^SrS* 


Reacts  chemlc- 
,ally  with  ad- 
I  sorbent 


*Hg2^+  > 

!  >Ag+  *  Pb2+  > 
>Cr2+  *  Cd2^ 


.Fe®‘*’'>Al^'*’ >Cr®+  e 
.  s  Zn2+  ^Co^"^  =  Mn^'*'* 
*  Fe^+^Nl^'*' 


Mg2+  >Ba2+>,  >NH4'*' 

>Ca2+> 

>Sr2+ 


Bentonite-' 
Askangel  . 


Ditto 


Hg2^'*'«  Ag  >  Fe®+  >A1®'*‘  bCr®”**  > 

‘  >Hg^‘*‘  >Pb^'*''>  >Fe2‘*‘  >Zn^‘^  >N1^'*'  « 

>Cd2'^  *  =  Mn^"**  »  Co*'*' 


Not  studied 


Sulfunlte  ’As'*^'*'  >Sb‘^'*'  '> 
Nos.  55,  >Sn*‘*‘ 

124,127  . 


>Hg*'*’  *  Fe®'*'  *.:  A1*'*'  :  Cr*  ^ 

=  Bl^'*'  «  Pb*'*'  >  >Zn*'*'  ‘''Co*'*'  ■''Fe*'*' 

■  '>Ag''‘  >Cu*'^  *  =  Nl*'*'  *  Mn2'*' 

=  Cd*-*- 


Mg*'*'  >Ca*'*'>  K+>NH4‘*' 
>  Sr*^  >  ‘ 

>Ba*^ 


Bleached  clay  Not  adsorbed 

Talc  Not  adsorbed 

Chalk  Reacts  chemically 

with  adsorbent 


Not  adsorbed 
Not  adsorbed 
Reacts  chemically 
with  adsorbent 


Not  adsorbed 


ADSORPTION  SERIES  WERE  STODIED  ON  THE  FOLLOWING  ADSORBENTS  - 

1.  Commercial  chromatographic  aluminum  oxide  ground  to  a  particle  size  of 
0.25  ffi®*  For  the  separation  of  anions  the  oxide  was  first  washed  with  nitric 
acid  and  then  with  water  until  the  f.iltrate  was  neutral. 

2.  }fterniutlte-.alumlnoalllcate  containing  water  and  which  possessed  lon- 
e-* change  properties,  was  first  suggested  as  an  adsorbent  for  the  chromato- 
graihlc  separation  of  Ions  by  E.  N.  Gapon,  T.  B.  Gapon,  and  F.  M.  Shemyakln 
[20]. 

The  perroutlte  was  prepared  In  the  form  of  a  gel  by  pouring  solutions  of 
sodium  alumlnate  and  sodli:m  slllcata  together. 

Aluminum  c>tlde  alumlnate  was  prepared  as  follows;  a  solution  of  sodium 
alumlnate  was  first  made  by  Interacting  metallic  aluminum  turnings  or  powder 
with  30^  sodium,  hydroxide.  The  amount  of  alkali  used  was  In  such  ex.cess  as 
to  ensure  that  all.  the  dlssol^red  aluminum  was  converted  Into  alumlnate  and 
no  undlssolved  precipitate  of  aluminum  oxide  remained.  Usually  101  g  of 
metallic  aluminum  was  dissolved  in  1  liter  of  30^  alkali  in  a  3  liter  flask 
in  view  of  the  violent  reaction  which  occurred  and  because  of  foam  formation. 

The  solution  of  sodium  alumlnate  thus  prepared  was  filtered  through  a 
No.  3  suction  filter  and  diluted  with  water  to  a  concentration  of  ca.2^ 
(calculated  as  alioD.lnum  oxide).  Two  volumes  of  the  2^  sodium  alumlnate  and 
3  volumes  of  2^  sodium  silicate  (calculated  as  SIO2)  vas  then  quickly  mixed 
with  vigorous  agitation.  The  gel  which  was  formed  after  l4  hours  was  freed 
from  excess  liquid  on  a  Buchner  funnel  at  room  temperature.  The  dry  gel 
obtained  was  ground  up  and  washed  free  from  excess  alkali  by  washing  first 
with  cold  and  then  with  hot  distilled  water.  Washing  was  continued  until 
the  pH  of  .the  wash  water  was  9*5-9*Q* 


237 


TABLE  2 


Anion  Adsorption  Series  on  Various  Adsorbents 


Adsorbent 

1  Adsorption  Series  _  __ 

Anions  of  the  let 
proup 

Anions  of  the  2nd 
_  group 

Anions  of  the  3rd 

.  ..  sr.oHg- 

Chroma  t  egra  ph Ic 
aluminum  oxide 

ro^*  >c?cl“  > 

SC^*  -  Cr6i*>  S:*CS‘> 
SOT  >Cr^0?** 

r  >Br->Cl->S^* 

NO2-  >N03-  >CH3CC0" 

Anionite  NO 

S^OS "  >  CrO|*“  >  SOf  "  > 

>ccS*  1 

I->Br->Cl->S^" 

1 

NO.I*’  :.>CH3C00**  -NOa" 

Anionite  MMG-1 

C204;;>TO?‘  I"  Cl"  Br">S^' 

=■  CC^.  “•  Cr20/  =•  SO'ij 

NO,r  -•  CH:.C00-  NO2" 

Anionite  TN 

Crc5’>so5">s?o5*"  - 

^  co5*  -  PO4"  >C20^  1 

'  I->  Cl"  -  Br"  : 

1  I 

NOt*  NC*2“-CH3C00" 

The  series  was  established  by  K.  Y.  Chmut-ov  and  coworkers. 


After  washing,  the  peroutlte  was  dried  to  an  air-dry  state  and  ground  In  a 
mortar  to  the  requisite  particle  size,  l.e.  0.25  nun.  The  finer  permutlte 
particles  and  dust  were  removed  by  sieving, 

3.  Askangel -bentonite  clay  of  a  pale  grey  color.  Origin  Askan  In  the 
Azerbaldzhan  S.  S.  R. 

The  Askangel  was  ground  up  and  dried  at  110-120**  for  2-3  hours  In  order  to 
Increase  Its  absorptive  capacity.  The  fractions  were  those  used  with  particle 
size  0.25  sm  and  those  of  smaller  particle  size. 

*4.  Sulfunlte  Nos,  55,  12U  and  127-  tuff  ashes  of  a  pale  yellow  color, 
origin  Far  East.  Dust  and  fractions  ^Ith  grain  size  of  0.25  ^  were  used. 

5.  Bleached  clay,  pale  yellow  color,  prellminarjlly  dried  for  2-3  hours  at 
110-120*'  and  ground  to  a  dust. 

6.  Kaolin,  talc  and  chalk  adsorbents  of  a  white  color  ground  to  a  dust. 

7.  Anionites  (anion-exchange  resins)  NO,  and  JWG-1,  TN-  synthetic  resins 
(The  Mendeleev  Chemico-Technlcal  Institute).  Anionites  NO  and  TN  are  whlt^  In 
color  while  anionite  MMG-1  Is  pale  yellow.  The  Ion-exchange  resins  were  ground 
to  a  particle  size  of  0.25  nun,  the  very  fine  powder  being  removed  by  sieving, 
after  which  they  were  converted  Into  the  OH-form  by  saturation  with  5^1  NaO^ 
and  subsequently  washed  till  the  filtrate  was  neutral. 

Determination  of  the  adsorption  series  of  the  Ions  on  various  absorbents 
and  also  supplementation  of  series  already  established  by  other  authors  were 
carried  out  as  follows. 

Glass  chromatographic  tubes  0. 5-0.6  cm  In  diameter  and  10  cm  long  with  an 
opening  In  the  bottom  covered  with  a  small  plug  of  cotton  wool  were  filled  with 
dry  adsorbent  preliminarily  ground  In  a  mortar  and  sieved  to  a  particle  size  of 
0.25  mm.  The  adsorbent  was  Introduced  Into  the  column  In  small  amounts  after 
which  It  was  tamped  down  first  by  tapping  the  tube  on  the  table  surfhee  until 
settling  finished,  when  It  was  compacted  by  means  of  a  glass  pestle.  The 
adsorbent  after  packing  occupied  approximately  half  the  volume  of  the  column. 

The  colimm  was  clamped  In  a  stand.  The  test  solution  which  was  made  by  mlTlng 
equal  volumes  of  two  different  salt  solutions  of  equal  concentration  In  a  vessel 
was  then  plpetl-ed  on  to  the  chromatographic  column. 
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The  solution  was  usually  passed  through  the  coluinn  at  the  rate  of  200 
ml /hour.  Drops  of  filtrate  Issuing  from  the  column  vere  collected  In  beakers 
containing  suitable  reagents  vhlch  vere  capable  of  giving  characteristic 
reactions  with  the  Ions  to  be  test-ed  for.  It  vas  possible  to  Judge  the  order 
In  which  the  Ionic  zones  were  disposed  on  the  chromatographic  columns  by  the 
appearance  of  the  characteristic  reaction  for  the  test  Ions. 

The  results  obtained  are  given  In  Tables  1  and  2. 

Cation  adsorption  series  were  studied  on  the  following  adsorbents  (Table  l)’ 
chromatographic  aluminum  orlde,  permutlte,  bentonite-  Askangei,  Sulfunlte 
Nos.  55^  124,  and  127,  bleached  clay,  talc,  kaolin  and  chalk. 

Anion  adsorption  series  were  studied  on  (Table  2)  chromatographic  anionic 
aluminum  oxide,  and  the  anionites  NO,  NMG*1  and  TN. 

Adsorption  series  for  cations  of  the  3-4  groups  on  bentonlte-Askangel, 
for  cations  of  all  groups  on  Sulfunlte  and  for  cations  of  the  2nd  and  let 
group  on  chromatographic  aluminum  oxide  and  permutite  are  given  In  Table  I. 

The  results  show  that  the  cation  adsorption  series  was-  the  same  on  the 
different  varieties  of  Sulfunlte.  Cation  adsorption  series  on  chromato¬ 
graphic  aluminum  oxide  were  supplemented  to  give 

Sn^'*',  Hgl"*',  Fe^'*'  and  Al®'^  and  on  permutite;  Hgi'*',  Fe^"**  and  Al®'*’. 

Preliminary  experiments  showed  that  It  Is  better  to  study  the  adsorbabllity 
of  magnesium  Ions  In  conjunction  with  the  Ions  of  the  alkaline  earth  metals 
than  with  Ions  of  the  r  '  alkalis,,  as  la  usually  done  In  classical  Analysis. 
Magnesium  is  therefore  shown  as  a  cation,  of  the  2nd  group  In  the  table. 

Separation  of  Group  T  cations  on  chromatographic  aluminum  oxide,  permutite, 
and  Sulfunlte  Is  Impossible,  since  sodium  cations  form  part  of  the  latter. 

Only  K"*'  and  NH4^  were  therefore  studied  In  these  adsorbents)  Na'*'was  detected 
In  the  first  drop  of  filtrate. 

A  study  of  the  adsorbabllity  of  cations  from  all  groups  on  bleached  clay 
and  talc  showed  that  these  adsorbents  do  not  adsorb  cations.  Cations  of  the 
2nd  and  1st  groups  are  not  adsorbed  on  silica  gel  or  chalk  either.  The  cations 
were  detected  In  the  first  drop  of  filtrate. 

Experiments  were  carried  out  on  solutions  of  pairs  of  cations  at  concen¬ 
trations  of  1  N  to  0.1  N  -for  each  cation. 

Because  of  the  strong  acidity  of  solutions  of  salts  of  the  5th  group 
cations  and  of  bismuth  salts,  the  adsorption  series  for  these  cations  could 
not  be  est.abll8hed  for  permutite,  bentonlte-Askangel,  and  chalk.  When  solutions 
of  these  salts  are  brought  Into  contact  with  the  adsorbents,  chemical  reattion 
recurs  with  evolution  of  gas. 

Bentorlte-Askangel  and  bleached  clay  cannot  be  recommended  .for  cation 
separation  because  they  swell  considerably  In  the  solutions  o.f  the  various  salts 
and  thereby  hinder  the  passage  of  the  solution  through  the  column. 

Adsorption  series  for  anions  of  all  groups  on  anionite  NO  are  given  In 
Table  2  together  with  supplementary  information  on  the  adsorption  of  COf*  on 
chromatographic  aluminum  oxide,  of  C2O4*,  COf*,  NOs*  on  anionlt-e 

and  of  NO3**,  CaO?.",  on  anionite  TN. 

SUMMART 

1.  Adsorption  series  for  catlo.es  from  each  analytical  group  on  various 
adsorbents  have  been  studied:,  adsorption  series  for  cations  of  all  groups  on 
ulf unite  Nos«  55#  124,  and  127;  adsorption  series  for  cations  of  the  4th 
and  3rd  groups  on  bentonlte-Askangel;  adsorption  series  for  cations  of  the 


2nd  and  1st  on  chroiratc^raphlc  al'anlr/jm  oxide  a.id  pcrmutlte;  and  adsorption  series 
for  anions  of  the  1st,  2nd,  and  5rd  groups  on  anionite  KO. 

2.  Adsorption  series  on  various  adsorbents  for  each  analytical  group  considered 

separately  have  been  supplemented*  for  cations  of  the  4th,  and  3rd  group  on 

chromatographic  aluminum  oxide;  for  cations  of  the  4th  and  3rd  group  on  permutlte; 
for  anions  on  chromatographic  alumlnimi  oxide  and  the  anionites  TN  and  I-1MG-1. 

3.  The  fact  that  the  exrerlxrontal  results  obtained  confirm  adsorption  series 
obtained  previously  for  anions  of  the  Ist,  2nd  and  3rd  groups  on  anionites 

yyo-l  and  TN  by  cowerVers  a*-  tbe  laboratory  of  the  institute  of  Physical  Chemistry, 
Indicate  that  these  adscrbents  are  st-able, 

4.  The  most  suitable  adsorbents  for  each  group,  whereby  developed 
chromatograms  can  be  prepared  are:  chrcffatcgrarhlc  al^milriOT  oxide  and 
Sulfunlte  Nos.,  124  .-o?d  127  for  cations  of  the  ^th  group;  chromatogr^hlc 
aluminum  oxide,  permuMte,  Sulfurlte  ros.  3-5,  124,  and  127  for  4th,  3rd  and 
2od  group  cations;  chromatographic  alijitLln-jm  c^lde  and  anionite  NO  for  anions 
of  the  1st,  2nd  and  5rd  groups. 

Anionites  MMG-1  ard  TN  show  poor  selectivity  for  all  three  groups. 
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THE  APPLICATION  OF  PRECIPITATION  CHROMATOGRAm  IN 
QUALITATIVE  SEMI-MICRO  ANALYSIS 

A..  I.  Konlev  and  L.  I.  Tslmbalista 
The  I.  Franko  Lvov  State  University 


Precipitation  chromatography,  vhlch  has  been  proposed  bythe  Soviet  scientists 
E.  N.  Capon  and  T.  B.  Capon  [l].  Is  a  variant  of  M.  S.  Tsvet*  s  adsorption  chrooa- 
tography,  In  the  successful  development  of  vhlch  Soviet  scientists  have  played  a 
leading  part. 

Precipitation  chromatography  Is  based  on  the  separation  of  materials  as 
precipitates  formed  on  columns  filled  vlth  carrier  and  precipitant  [2].  The 
carrier,  which  Is  a  colorless  powdered  material.  Is  Indifferent  to  both  preci¬ 
pitant  and  to  the  teat  materials.  The  precipitant  Is  a  substance  vhlch  yields 
precipitates  of  different  solubilities  vlth  the  test  solutions. 

A  large  number  of  qualitative  reactions  for  Ions  are  precipitation  reactions 
and  can  be  carried  out  by  different  methods.  The  aim  of  the  present  work  Is  the 
use  of  precipitation  chromatography  In  qualitative  analysis  for  the  detection  and 
separation  of  particular  Ions. 

As  carriers  we  tried:  commercial  aluminum  oxide  for  chromatography,  silica 
gel,  quartz,  asbestos,  anionites  (anion  exchange  resins)  TN  and  MMG-1,  and 
cationites  (cation  exchange  resins)  MSF  and  SBS.  The  best  results  were  given 
by  aluminum  oxide  and  the  anionites. 

A  dry  column  was  used  for  the  detection  of  Cl“,  Br",  and  I",  the  precipitant 
being  AgNOa  or  Ag2S04. 

Bl®'*',  Cu^'*',  Cd^'*’,  Sn^"**,  Sb®"**,  Ag"**,  R)®'*’  were  detected  on  a  moist  column 

using  KI,  NaaS,  and  (NH4)2S  as  preclpltants. 

METHOD  AND  ANALYTICAL  IROCEDURB 

After  a  careful  Investigation  of  the  requisite  conditions  for  getting  precipi¬ 
tation  chromatograms  for  qualitative  seml-mlcroanalysls.  It  was  found  that  the 
best  column  was  a  glass  tube  4-^  cm  long  and  3-4  mm  In  Internal  diameter.  This 
size  of  column  ensures  that  the  precipitation  chromatograms  formed  are  the  best 
possible, and  also  ensures  economy  In  time  and  reagents.  Only  a  small  amount  of 
the  test  solution  Is  necessary  In  order  to  get  a  chromatogram. 

The  dry  column  was  prepared  as  follows:  the  carrier  Is  well  ground  In  a 
porcelain  mortar,  the  precipitant  added,  and  the  whole  thoroughly  mixed.  A  column 
with  the  dimensions  given  above  Is  fitted  with  a  wad  of  cotton  wool  using  two 
glass  rods  for  compacting  the  wad;  the  wad  Is  then  sprinkled  vlth  the  mixture 
of  carrier  and  precipitant.  The  tube  thus  filled  Is  connected  to  a  Bunsen  flask 
for  filtration  under  reduced  pressure.  The  column  Is  fixed  in  a  vertical  position. 
A  few  drops  of  distilled  water  are  passed  through  the  column,  and  the  charge  of 
carrier  packed  by  dropping  tube  plus  column  through  another  tube, whose  internal 
diameter  Is  big' enough  and  Is  l/2  meter  In  length,3-10  times  until  the  charge  Is 
of  uniform  density  In  the  column.  Whether  or  not  good  chromatograms  are  obtained 
depends  on  the  even  distribution  of  carrier  and  precipitant  in  the  column.  If 
the  density  is  not  even  throughout  the  charge,  the  chromatogram  vill  be  irregular 
and  diffusa. 
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Moist  columns  are  prepared  by  washing  the  column  charged  with  pure  carrier  wltl 
a  solution  of  precipitant  before  preparing  the  chromatogram. 

The  charge  used  In  the  column  is  0. 1-0,2  g.  The  effective  length  is  1  cm. 

The  chemicals  used  were  of  analytical  grade.  The  concentration  of  the  solutlot 
used  were  0.01-0.001  N. 

Columns  of  AlpO^  Precipitant 

1.  Detection  of  Cl~,  Br*  and  I*  In  their  mixtures.  In  order  to  determine 
Cl“,  Br*  and  1“  In  their  mixtures  we  used  a  dry  column.  The  carrier  was  Al203» 
while  the  precipitant  was  either  AgNOa  or  Ag2S04.  Capon  [ll,  used  a  ratio  of 
Al203:Ag2S04  =  9-1#  l.e.,  10^  of  precipitant.  We  prepared  columns  with  varying 
amounts  of  precipitant.  Chromatograms  obtained  when  only  1^  of  precipitant  was 
used  were  not  Inferior  to  columns  containing  10^  precipitant. 

If  a  mixture  of  Cl",  Br*,  and  I*  Ions  Is  passed  through  such  a  column,  a 
chromatogram  la  formed  In  which  the  zone  order  from  top  to  bottom  Is  Agl, 

AgBr,  AgCl.  The  zones  are  formed  In  the  came  order  as  the  respective 
solubility  products: 

Solubility  product  Agl  *  1.5* 10*^® 

•*  "  AgBr  «  7.7-10-^® 

•*  ••  AgCl  =  I.^-IO-^® 

Chromatograms  are  easily  developed  In  sunlight.  Three  zones  are  clearly 
visible  after  5-15  minutes.  The  first  zone  Is  yellow,  the  second  -  a  bluish 
gray,  while  the  third  Is  a  violet-gray. 

On  standing,  the  outward  appearance  of  the  chromatograms  changes,  probably 
as  the  result  of  secondary  reactions  [2], 

It  Is  sufficient  to  pass  only  3.  drops  of  the  test  solution  with  concentra¬ 
tion  varying  from  1.0  to  0,0001  N  In  order  to  get  a  well  defined  chromatogram. 

The  zone  length  depends  on  the  amount  of  the  particular  Ion  In  solution.  E.g., 
on  passing  three  drops  of  a  mixture  In  which  the  concentrations  of  the  three 
Ions  are  0.1  N,  the  zone  length  In  each  case  Is  2  mm.  We  found  that  the  limit 
of  identification  for  I*  was  8  jr,  the  limiting  concentration  being  1:7000, 
the  corresponding  values  for  Cl"  and  Br"  were  lU-15yand  1:4000,  In  addition 
we  carried  out  experiments  In  which  the  chromatograms  of  Agl,  A^^r,  and  AgCl 
were  developed  with  adsorption  Indicators.  On  passing  an  adsorption  Indicator 
(e.g.  eosln  or  fluorescein)  through  the  chromatograms  all  the  Indicator  was 
held  on  the  upper  part  of  the  column  and  was  not  distributed  evenly  through 
all  three  zones.  On  addition  of  a  salt  such  as  na2S04,  the  Indicator  was 
removed  completely  from  the  column.  When  the  Indicator  was  passed  through 
the  column  as  a  solution  In  a  buffered  acetic  acid.  It  was  evenly  distributed 
along  all  the  column,  but  the  zones  were  not  clearly  marked.  Illumination  was 
essential  for  final  development. 

Cl",  Br",  and  I"  can  thus  be  easily  detected  by  means  of  precipitation 
chromatography.  Bromine  and  Iodine  Interfere  with  the  detection  of  chlorine 
In  the  normal  methods  of  qualitative  analysis. 

2.  Detection  of  Group  V  Cations.  Ag+,  Hgl'*',  were  detected  on  a  moist 
column  of  A1203  +  KI.  Attempts  to  get  zones  of  Ag^,  Hgi'*',  Pb****  on  a  dry  column 
were  unsuccessful. 

The  chromatograms  were  developed  by  passing  KI  solution  throu^  the  column. 

The  zone  sequence  was  as  foUovst 


1.  Yellow  zone  of  Agl  (solubility  1.2 •10"®  M/l) 

2.  Green  zone  of  Hgalp  (solubility  8,8*  10""^  m7i) 

3.  Yellow  zone  of  Pblg  (solubility  1.2«10-®  m/I)  (3l. 

Detection  of  Certain  Elements  of  the  TV  Group.  Mixtures  of  Bl®'*’— 
Cu^^-Cd^'*',  were  detected  on  a  damp  AI2O3  column  using  S®*  as  a 

precipitant.  The  precipitant  used  was  a  saturated  solution  of  Na2S  or  2.0  N 
(NH4)2S,  the  AI2O3  being  moistened  with  the  solution.  In  the  case  of  the 
mixtures  of  Bl^^-Cd^"*”,  and  of  Cu®"*"  and  Cd®'*’,  the  chromatograms  behaved  as 
follows;  Initially  on  passing  the  precipitant  through  the  first  time  a  dark 
zone  of  3I2S3  and  CuS  was  formed  on  top,  the  next  zone  was  colorless  while 
the  last  zone  was  a  yellow  CdS  zone.  On  passing  the  precipitant  through  the 
second  time  the  Intermediate  colorless  zone  disappeared  while  the  dark  zone 
remained  and  the  yellow  zone  had  shifted  up  adjacent  to  It. 

When  mixtures  of  Cu®‘*'-Cd®‘*’  were  chroma tographlcally  separated,  detection 
of  Cd  was  rendered  difficult  In  the  presence  of  a  large  amount  of  copper  because 
the  copper  was  not  completely  precipitated  In  the  first  zone  but  j}as8ed  through 
all  the  column  and  colored  It  black.  The  CdS  zone  was  easily  distinguishable 
when  the  ratio  of  Cd®'*'  to  Cu®'*'  did  not  exceed  l;^^, 

Two  zones  were  obtained  for  mixtures  of  Sn®'*’-Sb®'*';  the  upper  a  brown  zone 
of  SnS  and  the  lower  an  orange  one  of  Sb2S3.  The  drawback  of  columns  using 
S®“  as  precipitant  Is  the  rapid  break-down  of  the  chromatograms  by  the  H2S 
evolved  by  the  action  of  acid  solutions  of  the  cations  passed  through  the 
column.  H2S  bubbles  fracture  the  column  and  thereby  destroy  the  clarity 
of  the  zone  distribution. 

Columns  Filled  with  Synthetic  Resina 

The  anionites  (anion  exchange  resins)  TN,  MMG-1  and  the  cationites  (cation 
exchange  resins)  MSF  and  SBS  were  used  as  carriers.  We  tried  to  get  a  colored 
chromatogram  for  mixtures  of  ci",  Br“,  and  I*  on  a  black  background  using  a 
cationite  saturated  with  Ag".  We  were  unsuccessful. 

The  finely  pulverized  anionite  TN  and  MMG-1  saturated  with  I*  gave  a 
precipitation  chromatogram  for  Group  V  cations  In  the  same  way  as  a  column 
containing  A1203  +  I”.  Anionites  saturated  with  S®“  gave  similar  precipita¬ 
tion  chromatograms  to  those  obtained  on  A1203  +  S®*  columns  for  mixtures  of 
Bl®'*'  -  Cd®+,  Cu®'*'  -  Cd®'*',  Sn®'*'  -  Sb®***. 

The  examples  given  show  that  precipitation  chromatography  using  our  method 
can  be  successfully  used  for  qualitative  seml-mlcroanalysls.  Some  of  the 
stages  In  qualitative  analysis  can  be  simplified  and  shortened  by  using  preci¬ 
pitation  chromatography.  The  methods  suggested  do  not  require  any  special 
apparatus  and  can  be  used  In  any  analytical  laboratory. 

Further  work  Is  required  to  select  suitable  carriers  and  preclpltants. 

SUMMARY 

1.  The  possibilities  of  using  precipitation  chromatography  In  qualitative 
seml-mlcroahalysls  have  been  demonstrated. 

2.  A  procedure  has  been  worked  out  for  getting  semi-micro  chromatograms. 

5.  Al2b3  has  been  shown  to  be  the  most  suitable  carrier  for  qualitative 

precipitation  chromatography. 

4.  A  procedure  has  been  developed  for  the  qualitative  detection  of  Cl*, 

Br",  and  I*  Ions  on  the  basis  of  a  semi-micro  precipitation  chromatographic 
method.  The  sensitivities  of  the  method  for  these  Ions  has  been  determined. 


2b5 


5.  The  possibilities  of  detecting  several  cations  from  their  mixtures  by  a 
seal-micro  precipitation  chromatographic  method  has  been  demonstrated. 

Received  July  6,  1952. 
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COMPARATIVE  CHARACTERISTICS  OF  CERTAIN  lON-EXCE^NGE  MATERIALS 

Vart  II 

D.  I.  Ryatchlkov,  M.  M.  Senyavln  and  K.  V.  Filippova 

The  V,  I.  Vernadsky  Institute  of  Geochemistry  and  Analytical  Chemistry | 

Acad.  Sciences,  USSR,  Moscow 


The  close  relation  between  the  efficiency  of  a  chromatographic  experiment  and 
the  nature  of  the  Ion-exchange  material  used  necessitates  a  detailed  cliaracterlza« 
tlon  of  the  Ion-exchange  materials  used  for  analytical  purposes.  In  this ‘ connection, 
therefore  we  adduce  In  this  article  supplementary  results  for  materials  tested 
previously,  and  also  results  for  Ion-exchange  materials  received  by  the  Institute  of 
Geochemistry  and  Analytical  chemistry  recently.  In  both  communications  the  basic 
characteristics  of  both  cationites  (cation-exchange  resins)  and  anionites  (anlon^ 
exchange  resins)  which  represent  practically  all  Ion-exchange  materials  of  Russian 
origin  and  the  best  foreign  makes  are  given. 

Physical  Pronertlea  of  Ion-Exchange  Materials 


■ 


Results  on  the  specific  gravity  of  the  dry  granular  material  and  the  relative 
degree  of  swelling  which  were  given  In  our  first  paper^)  were  obtained  In  accordano 
with  the  GOST^  methods  for  testing  Ion-exchange  material,  which  stipulate  that  all 
tests  should  be  made  on  air-dry  samples.  Nevertheless, In  many  cases  It  Is  of 
Interest  to  compare  the  properties  of  Ion-exchange  materials  of  equal  moisture 
contents;  as  a  "standard"  the  minimum  moisture  content^  which  Is  comparatively 
easily  obtained  by  drying  the  test  sample  to  constant  weight.  Is  the  natural 
choice.  Possible  decreases  In  the  exchange  capacity  which  occur  to  varying 
extents  on  drying  the  samples, . cannot.  In  the  given  instance, be  of  particular 
significance. 

In  Tables  1-2,  results  obtained  previously  for  alr-drled  samples  are  compared 
with  those  for  samples  dried  In  a  drying  oven  for  12  hours  at 

These  results  show  that  In  the  overwhelming  majority  of  cases  the  specific 
gravity  of  the  dry  granular  material  determined  for  the  air  dried  samples  and 
calculated  (using  a  knowledge  of  the  moisture  content)  from  the  specific  gravity 
of  the  dry  samples  Is  less  than  the  gravity  as  determined  directly  on  the  dry 
sample.  This  Is  probably  explained  by  the  fact  that  as  a  consequence  of 
swelling,  which  Is  determined  by  the  moisture  content  of  the  alr-drled  sample, 
the  specific  gravities  of  dry  Ion-exchange  materials  and  materials  formerly 
used  In  the  alr-drled  state  (the  amount  of  moisture  In  the  latter  being  taken 
Into  account)  differ  among  themselves.  This  assumption,  which  agrees  with 
differences  In  the  values  for  relative  degree  of  swelling  of  alr-drled  and 
dried  samples,  Is  graphically  Illustrated  In  the  tables;  the  relative  degree 
of  swelling  of  alr-drled  samples  In  most  cases  Is  less  than  the  relative  degree 
of  swelling  of  dried  samples.  Results  which  were  specially  obtained  on  the 
relation  between  relative  degree  of  swelling  and  moisture  content  of  one 
of  the  cationite  samples  serve  as  an  additional  confirmation  of  the  hypothesla 
advanced  above. 

^ )  The  authors  wish  to  thank  representatives  of  all  establishments  which  sent 
samples  of  Ion-exchange  materials  for  comparative  evaluation. 

2)  J.  Anal.  Chem.,  No.  3  (19^2).  (See  Consultants  Bureau  Translation,  p.  1^3*) 

3)  All-Union  State  Standard. 


TABIE  1 


Cationite 

tested 

Moisture 

content 

(«) 

Specific  gravity  of  the  dry 
Kranular  material 

Air-dried 

Dried 

Air-dried 

Calc,  on 
dried 

Dried 

Espatlte-1 

127.1 

l4 

- 

0.74 

0.54 

(KU-1) 

\  dried 

65 

* 

0.86 

f  26.6 

23^ 

— 

0.57 

0.42 

SBS 

1  dried 

- 

54 

— 

— 

0.59 

f  31.0 

190 

— 

0.65 

0.45 

— 

SDV-1 

. dried 

— 

335 

- 

— 

0.69 

17.2 

135 

— 

0.50 

0.42 

— 

SD\r-2 

dried 

l66 

— 

— 

0.49 

4.8 

25 

0.40 

0.21 

— 

KN 

dried 

16 

- 

- 

0.113 

[16.3 

108 

0,48 

0.4Q 

- 

KM 

, dried 

- 

09 

- 

- 

0.50 

Sulfonated 

.15.0 

33 

- 

0.67 

0.57 

coal 

.dried 

44 

0.64 

^  la  our  first  paper  a  value  of  zero  was  given  for  the  degree  of  swelling; 
this  apparently  related  to  a  sample  of  high  moisture  content* 


TABIZ  2 


Anionite 

Moisture  | 

Specific  gravity  of  the  dry 

tested 

content 

Kranular  material 

(?t) 

Air-dried 

Dried 

Air -dried 

Calc,  on 

Dried 

dried 

MN 

10.7 

40 

0.63 

0.56 

< 

dried 

— 

47 

- 

- 

0.65 

TN 

10.0 

1 

O.JH 

0.28 

— 

dried 

- 

19 

- 

- 

0.34 

N-0 

12.9 

.  dried 

23 

39 

0.25 

0.20 

0.40 

MMG-1 

9.2 

24 

— 

0.00 

0.73 

— 

^  dried 

- 

44 

- 

0.86 

J 

12.7 

21 

- 

0.52 

0.45 

— 

H 

1 

.  dried 

- 

35 

- 

- 

0.54 

VS 

ri4.i 

27 

— 

0.34 

0.29 

— 

dried 

42 

— 

— 

0.36 

TM 

9.6 

dried 

12 

20 

0.00 

0.72 

i 

0.93 

Moisture  content  •  •  •  • 
Relative  degree  of 
swelling  . 


16.0 

17.4 

23.5 

27.0 

36.4 

100 

77 

60 

50 

33 

In  accordance  with  the  results  obtained,  the  relative  degree  of  swelling 
and  the  specific  gravity  of  the  dry  granular  material  of  the  new  test  ion- 
exchange  materials  were  determined  on  the  dried  samples.  The  respective  results 
are  given  in  Table  3* 
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1ABI£  3 


Cationite 

tested 

Relative 
degree  of 
swelling 

U) 

Specific 
gravity  of 
granular 
material 

Anionite 

tested 

Relative 
degree  of 
swelling 

(i) 

Specific 
gravity  of 
granular 
material 

KU-2 

108 

0.80 

AN- 17 

37 

0.57 

KB.4 

33 

0.72 

AN-2F 

29’ 

0.55 

SBSR 

50 

0.66 

AN-4K 

8 

0.35 

SM-12 

370 

0.67 

AN-7K 

33 

0.42 

RF 

93 

0.74 

IE-9 
.  EDE-10 

96 

127 

0.55 

0.54 

TABIE  4 


Cationite^"  Anionite 


Sample 

tested 

Moisture 

content 

Ai) 

Relative  degree 
of  swelling. 

Sample 

tested 

Moisture 

content 

Relative  degree 
of  swelling,  4, 

water 

1  N  KCl 

water 

1  N  KCl 

KU-2 

18.0 

36 

22 

AN-IF 

7.5 

50 

44 

KB-4 

7.5 

38 

42 

AN-2F 

8.8 

47 

59 

SBSR 

8.3 

52 

44 

AN-4k 

33.0 

14 

7 

SM-12 

13.6 

ajff 

148 

AN-7K 

13.2 

5»^ 

34 

RF 

8.7 

62 

57 

IE-9 

7.6 

117 

87 

EEE-10 

• 

6.6 

106 

88 

TABI£  3  TABIE  6 


Cationite  tested 

Total  exchange  capacity 
at  pH  of 

3 

5 

7 

13 

Ecpatlte-l  (KU-1) 

2.6 

2.75 

2.88 

6.02 

SBS 

3.08* 

3.29 

3.45 

4.80 

SDV-1 

5.8 

6.1 

6.22 

6.22 

SDV-2 

4.7 

4.82 

4.95 

4.82 

KN 

0 

0.126 

0.37 

2.95 

KM 

0,18 

1.19 

3.22 

11.20 

Sulfonated  coal 

1.18 

1.77 

2.0 

4.24 

KU-2 

4.7 

4.7 

4.75 

5.02 

KB-4. 

SBSR^ 

0.16 

1.08 

4.3 

0.55 

1.68 

1.85 

1.96 

2.75 

SM-12 

3.25 

3.45 

3.65 

4.85 

RF 

3.03 

i3.8 

4.4 

6.98 

i)  According  to  the  makers  of  this  resin. 


the  sample  tested  has  a  low  exchange  capa¬ 
city  in  comparison  vith  the  majority  of 
hatches  of  this  cationite. 


Anionite  tested 

Total 
exchange 
capacity 
at  pH  of 

7 

1 

MN 

1.97 

4.6 

TN 

0.93 

3.95 

N-0 

1.42 

4.49 

MMG-1 

2.42 

4.61 

N 

2.02 

5.06 

VS 

0.23 

3.96 

TM 

0.28 

4.45 

AN-lF 

0.90 

7.28 

AN-2F 

1.92 

8.4 

AN-2K 

1.72 

6.1 

AN-4k 

1.84 

7.47 

IE-9 

0.84 

5.3 

EDE-10 

1.51 

7.79 

Just  as  for  samples  tested  previously,  an  appreciable  difference  vas 
observed  between  the  values  of  the  relative  degree  of  swelling  in  water  and 
in  KCl  solutions.  The  results  are  given  in  Table  4. 
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Exchange  J^rertles 

As  indicated  In  our 
first  paper  the  most 
Important  Index  of  the 
exchange  properties 
of  cationites  and 
anionites  for  chroma¬ 
tographic  practice  Is 
the  exchange  capacity 
at  the  pH*  s  determined 
by  the  nature  of  the 
test  mixtures.  The 

samples  have  been  6ested  again  and  the  curves  given  In  Figs.  1-5  results 

of  potent Icmetrlc  titrations j  as  before  these  curves  were  taken  by  the  method 
of  Individual  aliquots.  Values  for  the  total  exchange  capacity  of  the  v'arlous 


cationites  at  pH’s  of  3,5>7  OQd  1^  i*espectlvely,are  given  In  Table  5; 
first  three  values  are  taken  from  the  potent lome trie  curves,  while  the  rest 
were  determined  by  leaving  an  aliquot  In  0.1  N  NaOH  and  subsequent  titration 

of  excess  unreacted  alkali.  Values  of  the  exchange 
capacity  of  anionites  at  pH  7  (according  to  the 
potent  lome  trie  titration  curve),  and  pH  Kaccordlng 
to  back  titration  of  the  unreacted  acid)  are  given 
in  Table  6.  For  comparison,  the  exchange  capoclty 
of  lon-excbange  materials  of  Russian  manufacture 
examined  previously  are  included  In  the  tables  as 
well.  In  all  cases  the  capacity  Is  expressed  as 
mg.  equlvalents/g  of  dry  material. 

A  comparative  study  of  a  large  number  of 
cationites  and  anionites  leads  us  to  conclude  that 
the  best  ones  for  chromatographic  analysis  are  the 
:at Ionites  KU-2,  SBS,  KB-4  and  the  anionites  MMG-1,  PE-9,  EDE-30  and  AN-2F. 


Received  July  21,  1952. 
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A  NEW,  QUALITATIVE  REACTION  FOR  THIOCTANATES 


A.  P.  Kreshkov,  S.  S.  Vllborg,  and  K.  I.  Filippova 
The  D.  I.  Mendeleev  Moscow  Institute  of  Chemical  Technology 


Some  of  the  characteristic  qualitative  reactions  which  have  been  used 
for  the  detection  of  thiocyanates  are;  the  formation  of  dark  red  ferric 
thiocyanate  Fe(CNS)3  [l],  the  formation  of  the  dark  blue  complex  of  cobalt 
(NH4)2[Co(CNS)4]  [2];  the  formation  of  the  green  pyridine  thiocyanate 
complex  of  copper  CuPy(CNS)2  [5l;  the  formation  of  fcanarlnlc  IC4H4N8S7O)  and 
pseudothlocyahlc!  (HCSN3S3)  acids,  with  a  characteristic  bright  yellow  color 
[4];  the  formation  of  molybdenum  thiocyanate,  which  has  an  Intense  orange 
yellow  color  (5];  and  finally  the  catalytic  acceleration  of  the  lodazlde 
reaction  by  thiocyanates  [6],  and  other  reactions. 

The  reaction  between  trlvalent  Iron  and  thiocyanates  for  the  determina¬ 
tion  of  the  latter  Is  not  applicable  when  acetates  and  Iodides  are  present, 
since  they  form  red-brown  solutions  with  trlvalent  Iron. 

We  prc^se  a  new  color  reaction  for  thlocyanateq  by  means  of  which 
they  can  be  detected  In  the  presence  of  acetates  and  Iodides.  This  reaction 
Is  based  on  the  formation  of  a  characteristic  yellow  brown  precipitate  which 
Is  formed  on  Interaction  of  thiocyanates  with  an  acetic  acid  solution  of  a 
salt  of  bivalent  copper  with  aniline. 

I.  M.  Korenman  has  suggested  a  reaction  for  detecting  cupric  Ions  based 
on  the  formation  of  a  crystalline  precipitate  corresponding  to  the  formula 
[Cu(C6E5NH2)*^H20](CNS)2  by  the  use  of  aniline  hydrochloride  In  conjunction 
with  a  saturated  solution  of  ammonium  thiocyanate  [7]* 

We  have  shown  that  soluble  salts  of  the  complex  cation  [Cu(C6H5NH2)*5H20]^'^ 
can  be  used  for  detecting  thiocyanate  Ions  In  the  presence  of  acetates  and 
Iodides. 

The  reaction  proceeds  as  follows: 

[Cu(C6H5NH2)*5H20](C2H3C^)2  +  2NH4CNS  =  [Cu(C6H5NH2)  •5H20]  (CNS)2  +  2NH4C2H302. 

A  similar  reaction  occurs  when  o-  and  p-toluldlne  are  used. 

EXHRIMENTAL 

The  reaction  can  be  carried  out  In  a  test  tube,  on  a  spot  test  plate,  on 
filter  paper,  and  also  mlcrocrystalloscoplcally. 

To  1  ml  reagent  Is  added  1  ml  of  the  neutral  test  solution.  A  yellow-brown 
crystalline  precipitate  Is  formed  In  the  presence  of  thiocyanate.  Precipitate 
separates  out  of  dilute  solution  after  1-2  minutes.  A  drop  of  reagent  and  a  drop 
of  test  solution  are  placed  on  a  spot  test  plate.  A  yellow  brown  precipitate  Is 
formed. 

A  drop  of  reagent  and  a  drop  of  test  solution  are  placed  on  a  filter  paper. 

A  yellow-brown  spot  forms  If  thiocyanate  Is  present.  At  low  thiocyanate  concen¬ 
trations  the  color  may  not  be  very  distinct.  In  such  a  case  the  paper  Is  washed 
with  distilled  water.  All  soluble  salts  are  washed  out,  while  the  precipitate 
will  be  retained  by  the  filter  pores.  A  drop  of  ferric  chloride  is  placed  on 


251 


TABLE  1 

The  effect  of  acetic  acid 
concentration 


Acetic  acid 

Time  for  ppt. 

cone.  In  ^ 

to  form 

5 

0.^  min. 

10 

1  min. 

25 

1  min. 

50 

No.  ppt. 

TABIE  2 


The  effect  of  aniline 
concentration 


Aniline 

Time  for  ppt. 

cone. 

to  form 

1 

1  min. 

3 

30  sec. 

5 

10  sec. 

the  dark  spot  of  precipitate. 
If  thiocyanates  are  present 
a  red  spot  will  be  formed. 

The  sensitivity  of  the  reactl< 
Is  20 y. 

For  mlcrocrystalloscoplc 
detection  the  drop  of  reagent 
plus  a  drop  of  test  solution 
are  placed  on  the  microscope 
object  slide.  Characteristic 
golden  crystals  are  observed. 
The  sensitivity  In  this  case 
is  .ly. 


Examination  of  the  precipitate  showed  the  presence  of  cupric  ions,  thiocyanate 
Ions  and  aniline.  Cupric  Ions  were  shewn  to  be  present  by  the  formation  of  the 
cuprammonlum  complex,  the  thiocyanate  Ions  by  reaction  with  ferric  iron,  and 
aniline  by  the  formation  of  oxidation  products  on  reacting  with  calcium  hypo¬ 
chlorite.  The  precipitate  dissolved  readily  In  2  N  HCl  and  HNO3  with  the  forma¬ 
tion  of  yellow  solutions.  In  order  to  find  out  the  optimum  conditions  for  carrying 
out  the  react lor^  a  series  of  experiments  were  carried  out.  The  results  are  given 
In  Tablesl,  2  and  ). 


TABLE  5  TABI£  k 


Effect  of  the  ratio  of  cupric  Determination  of  the  reaction  sensitivity 

acetate  solution  to  aniline  in  a  test  tube  (1  ml  of  ammonium  thio- 


5^  solution  of 
aniline  In 
acetic  acid, In 

0.1  N 

cupric 

acetate. 

iTl^rforrnr  ^  reagent) 

to  form  Cone,  of  CNS"  In 

mg/ffll 

Effect  of  the  reaction 

ml. 

in  ml 

-  10 

Bulky  yellow-brown  ppt, 

2 

1 

1  min.  I 

Yellow-brown  ppt.  aftei 

1 

1 

10  sec. 

15  sec. 

1 

2 

10  sec.  0.5 

Small  ppt.  after  5  min, 

1 

3 

1  min.  0.3 

No  ppt.  formed. 

In  order  to  determine  the  influence  of  acetic  acid  concentration  on  the 
sensitivity  of  the  reactions,  the  following  solutloiE were  prepared:  a  10^ 
aniline  solution,  0,1  N  cupric  acetate,  a  solution  of  ammonium  thiocyanate 
corresponding  to  a  thiocyanate  concentration  of  1  mg/ml,  and  acetic  acid  solutions 
of  various  concentrations.  The  volume  of  each  component  used  for  the  reaction  was 
1  ml. 

In  order  to  choose  the  aniline  concentration, the  following  solutions  were  used: 
C.l  N  cupric  acetate,  a  solution  of  ammonium  thiocyanate  equivalent  to  1  mg 
thiocyanate /ml,  solutions  of  aniline  of  various  concentration  in  55^  acetic  acid. 

The  volume  of  each  component  was  1  ml. 

It  was  found  that  the  reaction  was  most  sensitive  when  the  reagent  employed 
consisted  of  a  5^  solution  of  aniline  In  5^  acetic  acid  plus  0.1  N  cupric  acetate 
solution  used  in  the  ratio  of  1:1  or  1:2.  The  pH  was  *^.5-5. 

The  reagent  was  prepared  as  follows:  5  g  of  freshly  distilled  aniline 
Cb  .p,  l84.U®)  was  dissolved  on  heating  in  95  ol  of  5^  acetic  acid.  A  solution 
of  0,1  N  cupric  acetate  was  then  added  to  the  transparent  solutions  thus  obtained 
in  the  ratio  1:1,  The  solution  is  green.  On  storing,  the  reagent  decomposes. 
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TABIE  5 


Sensitivity  of  the  reaction  when  carried  out  as  a  nlcrocrystalloscoplc 
reaction  (1  drop  of  ammonium  thiocyanate  and  1  drop  of  reagent) 


Appearance  of  ppt. 

Character  of  the  crystals 

1 

Immediately. 

The  field  of  vision  Is  filled  with 
golden  crystals  In  the  form  of 
rectangles  and  crosses. 

0:5 

After  5  nln. 

long  golden  needles  In  the  form  of 
bundles  and  branches  form  along 
the  edges. 

Immediately 

Many  golden  crystals  In  the  form  of 
rectangles  and  crosses. 

After  5  min* 

Long  golden  needles  In  the  form  of 
bundles  and  branches  fora  along 
the  edges. 

0.1 

After  10  min. 

Individual  golden  crystals  In  the 
•  form  of  rectangles,  trapeziums  and 

1  crosses. 

0.05 

After  10  min. 

!  Individual  golden  crystals  In  the 
form  of  rectangles  and  crosses. 

0.03 

After  15  min. 

J  1-2  crystals  In  the  form  of  rectang! 

0.01 

Ditto 

;  No  crystals  formed. 

It  Is  recommended  therefore  that  the  aniline  and  cupric  acetate  solutions  should 
only  be  mixed  prior  to  use.  A  number  of  experiments  were  carried  out  to 
determine  the  sensitivity.  The.  results  are  given  In  Tables  4  and  5* 

0.5  mg/ml  of  thiocyanate  can  be. detected  If  the  reaction  Is  carried  out  In 
a  test  tube.  Limiting  concentration  1:4000. 

The  sensitivity  of  the  mlcrocrystalloscoplc  variant  Is  ly.  The  sensitivity 
Is  20 y  when  carried  out  on  filter  paper.  Ferro-  and  ferrlcyanldes  and  sulfides 
must  be  removed  first  by  precipitation  with  zinc  acetate  before  testing  for 
thiocyanates  by  this  method;  nitrite  Ions  destroy  the  sulfamic  acid. 

SUMMARY 

1.  A  new  reaction  Is  suggested  for  thiocyanate  detection.  It  has  been 
established  that  when  thiocyanates  react  with  an  acetic  acid  solution  of  the  salt 
formed  between  cupric  copper  and  aniline^  a  yellow-brown  precipitate  Is  formed. 

2.  The  reaction  Is  sensitive  enough  to  be  used  both  as  a  spot  test  and  as 
a  mlcrocrystalloscoplc  reaction. 

3*  Thiocyanates  can  be  detected  In  the  presence  of  acetates  and  halides 
by  means  of  this  reaction. 

Received  May  20,  1952. 
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AN  EMPIRICAL  SERIES  OF  SOLUBILITIES  FOR  THE  lERROCXANIEES 

R.  V.  VorontsoT 

Ural  Institute  of  Wood  Technology,  Sverdlovsk 


A  knovledge  of  the  comparative  solubilities  of  difficultly  soluble 
electrolytes  is  of  great  theoretical  and  practical  significance  [l-5l» 

Hydroxides  or  salts  vith  the  same  anions  or  cations  can  be  arranged  in 
order  of  decreasing  or  increasing  solubility.  In  addition  to  the  hydroxidea 
[l],  there  are  also  such  series  for  sulfides  [1,2,4],  metavanadates  [)1, 
oxalates,  sulfates,  chromates,  and  salts  of  lead  and  silver  [2]. 

Our  aim  vas  to  establish  an  empirical  series  of  solubility  for  heavy 
metal  ferrocyanides. 

The  ferrocyanide  ion  forms  practically  Insoluble  salts  with  the  majority 
of  the  heavy  metal  ions,  which  fact  is  a  valuable  property  from  the  viewpoint 
of  the  chemical  technologist  and  analyst. 

We  only  managed  to  find  the  following  results  on  ferrocyanide  solubilities 
in  the  literature. 

K^Zn3[Fe(CN)o]2  9.91*10‘®  g/l  1.42-10-3  mol/l  [6] 

K2Mn(Fe(CN)al  5. 72*10"^  •*"  1.95*10“'*  "  "  [6] 

Pb2[Fe(CN)6j*3H20  1.09-10“®  "  1.75*10*3  "  [6] 

Ag4[Fe(CN)6]*H20  **  2.27*10“®  ••  [71  Sp  (activity  product) 

0.01-0.1  M)  *  2.27-10“'*  [9]  and  1.3*10“®  mol/l. 

Lp  »  1.3-10*“*®  [8] 

Aft4[Fe(CN)6]:  2.2-10*®  and  Sp  »  1.5*10*“*^ 

Ba2[Fe(CN)al*6H20  1  part  at  15*  soluble  in  1000  parts  HgO  [10-14] 

1  •  75*  "  100  • 

When  the  following  ions  are  also  present  in  solution  we  get  [191 t 

Agt"  and  Cu®'*'  the  ferrocyanide  precipitates  first  the  Ag"**  ions, 

Zn®^  and  Cu®^  ••  w  •  Zn®*'  • 

Co®*^  and  Zn®**  •*  n  n  ii 

Fe®"**  and  Zn®"*  *•  ■  w  Zn®*"  • 

Co®*"  and  Mn®*"  *•  *•  ■  Mn®”*  ■ 

Fe^"*-  and  Agt*  «  ■  «  Ag*  • 

Before  the  Ag'*'ions  precipitate  qualitatively  Fe®"**  starts  to  precipitate. 

One  of  the  reasons  for  the  paucity  of  information  on  ferrocyanide  solubility 
as  pointed  out  by  Mozander  [l6]  and  Williamson  [17]^  is  the  relation  between  the  _ 
composition  of  the  precipitates  and  the  conditions  under  which  they  have  been 
precipitated,  and  their  tendency  to  form  double  or  ternary  salts  [19] •  According 
to  Tananaevand  Levina  [1^,  precipitates  of  simple  ferrocyanides  of  the  type 

[Fe(CN)a],  are  formed  comparatively  rarely,  e.g.,  on  reaction  with  H4[Fe(CN)a]| 
Li4[Fe(CN)o]>and  partly  with  Na4[Fe(CN)e]» 

In  the  case  of  nickel  salts  they  showed  that  in  the  majority  of  cases,  e.g.^ 
with  K4Fe(CN)e>the  reaction  proceeds  in  three  stages;  first  a  simple  ferro* 
cyanide  is  formed,  then  (according  to  the  increase  in  alkali  metal  concentration) 
solid  solution,  and  finally  double  salts. 
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According  to  Rene  Paris  [18],  who  confirmed  Wyrouhow* s  opinion  (ll),  the 
composition  of  the  precipitates  also  depends  on  the  order  In  which  the 
reagents  are  mixed. 

From  what  has  been  said  It  Is  obvious  that  determinations  of  the  absolute 
values  for  the  solubilities  of  the  ferrocyanldes  are  accompanied  by  great 
difficulties,  and  that  even  if  these  difficulties  should  be  overcome  and  a 
solubility  series  established,  then  the  latter  might  turn  out  to  be  of  no 
practical  significance,  since  K4Fe(CN)e  which  Is  almost  exclusively  used  for 
the  preparation  of  ferrocyanldes,  has  been  shown  to  give  ferrocyanlde  preci¬ 
pitates  of  variable  composition. 


In  order, therefore , to  solve  the  problem  specified,  l.e.  establishing  a 
"practical"  series  for  the  solubilities  of  ferrocyanlde  precipitates,  we 'Studied 
precipitates  obtained  under  certain  definite  experimental  conditions  viz; 
precipitates  obtained  by  the  action  of  K4Fe(CN)6  la  neutral  or  weak  salt,  or 
weak  acid  media  (up  to  0,5  N)  In  the  presence  of  a  large  excess  of  precipitant 
(In  the  form  of  a  solid  phase). 

EXPERIMENTAL 

It  Is  assiuned  that  the  cation  which  gives  the  least  soluble  ferrocyanlde 
will  drive  out  ("substitute")  another  cation  from  the  precipitate  of  a  more 
soluble  ferrocyanlde.  Exi)erlments  were  carried  out  In  the  cold  and  on  heating 
(duplicate)  In  the  presence  of  excess  liquid  or  solid  phase.  After  equilibrium 
has  been  reached  both  phases  were  qualitatively  analyzed  for  the  presence  of 
metal  cation  or  ferrocyanlde  anions. 

VHien  this  was  done  It  was  observed  that  the  following  stages  could  be 
obtained : 

complete  substitution 
considerable  " 
little  •  *• 

no  substitution 

Because  the  ariangement  of  the  ferrocyanldes  of  Co®"*",  Nl®'*’,  Mn^"*" 

In  a  solubility  series  could  not  be  determined  by  one  method  (the  results  were 
not  reproducible)  ,we  were  compelled  to  use  several  methods. 

First  Method.  A  suspension  of  freshly  prepared  and  carefully  water -washed 
precipitate  of  the  ferrocyanlde  of  each  of  the  metals  indicated  below  was 
added  In  large  excess  (visually)  with  respect  to  the  amount  of  it  required  for 
precipitation  of  a  given  Ion,  to  10-15  ml  of  0.1  N  solution  of  the  nitrate 
(or  sulfate)  of  the  test  metal  and  the  mixture  shaken  for  5  minutes  in  the  cold. 

In  a  parallel  experiment  the  contents  of  the  test  tube  were  boiled  for  5 
minutes.  The  precipitate  was  then  filtered  and  washed  with  water.  The  filtrate 
and  precipitate  were  then  tested  with  special  reagents  for  the  presence  or 
absence  of  the  cation  being  studied. 

Second  Method.  To  15  ml  of  a  0.1  N  solution  of  the  metal  salt  was  added  a 
solution  of  potassium  ferrocyanlde  In  an  amount  Insufficient  for  complete 
precipitation  of  the  test  cation. 

To  the  solution  and  precipitate  thus  prepared  was  added  1  ml  of  a  0.1. H 
solution  of  the  salt  of  another  metal  and  the  mixture  heated  to  the  boll.  The 
precipitate  was  filtered  off  and  the  presence  of  the  cation  of  the  other  metal 
tested  for  In  the  filtrate  by  a  special  reagent. 

Third  Method.  A  mixture  of  equal  amounts  (2  ml)  of  0.1  N  solutions  of  the 
mixture  of  two  metals^)  was  prepared  and  a  0.1  N  solution  of  potassium  ferro- 

Bivalent  Iron  was  used  as  the  sulfate. 
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cyanide  added  In  an  amount  Insufficient  for  complete  precipitation  of  both 
cations  of  the  mixture  and  the  whole  brought  to  the  boil.  The  precipitate 
formed  was  filtered  off  and  the  presence  of  the  two  cations  tested  for  In 
the  filtrate  by  special  reactions.  When  both  cations  were  found  In  the  filtrate 
the  amount  of  precipitant  used  was  increased.  Experiments  were  repeated  until 
the  only  cation  to  remain  In  solution  in  the  filtrate  was  the  one  which  formed 
the  most  soluble  ferrocyanlde. 

Fourth  Method.  The  precipitates  obtained  on  addition  of  the  first  drop 
of  ferrocyanlde  were  examined. 

The  various  methods  used  agreed  well  among  themselves. 

The  solubility  of  the  metal  ferrocyanldes  decreases  in  the  following 
sequence^': 

Pb2+>  Al^-^>  Bi®‘^>  Sb^'^>Mn2+'>Cd2+'>Co^+>Nl2‘*‘>Fe2‘*'>Zn^‘*‘>Fe®*' 

>Cu^‘*‘ 

The  only  exception  which  we  found  to  the  general  rule  that  metals  displaced 
cations  standing  to  the  left  of  them  In  the  series  from  their  ferrocyanldes  was 
lead. 

Although  In  the  case  of  lead  all  the  cations  which  we  tested  displaced 
from  Its  ferrocyanlde,  nevertheless  was  precipitated  to  a  considerable 
extent  by  cobalt  ferrocyanlde.  We  consider  that  this  fact  does  not  discredit 
the  series  we  established.  According  to  our  observations  only  ;the  formation 
of  silver  ferrocyanlde  Is  practically  Irreversible;  In  the  other  cases  the 
direction  of  the  Interaction  between  the  pairs  of  components  which  we  used 
depends  on  the  concentration  of  the  cation  In  the  solution  standing  over  the 
precipitate.  N.  A.  Tananaev  came  to  the  same  conclusion  when  comparing  the 
solubilities  of  hydroxides  [l]. 

On  the  basis  of  this  series  ve  worked  out  a  satisfactory  method  for  the 
purification  of  nickel  ferrocyanldes  .In  the  nickel  liquors  from  the  lyshmlnsky 
Electrolytic  Factory  from  Impurities. 

Examples  of  the  application  of  the  solubility  series  of  the  ferrocyanldes 
are  the  methods  which  have  been  developed  for  1)  detection  of  cadmium  In  the 
presence. of  copper, and  2)  detection  of  aluminum  In  a  mixture  of  all  the 
cations^' . 

SUMMARY 

An  empirical  series  for  the  solubility  of  metal  ferrocyanldes  has  been 
established. 

Received  April  20,  1952. 
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METHODS  FOR  THE  ANALYSIS  OF  SIMPLE  HALOGENATED  ETHERS 
THE  ANALYSIS  OF  a-HALOGENO-DIAUCYL  AND  a-ETHYIARYL  ETHERS 

M.  F.  ShOBtakovsky  and  A.  Y.  Bogdanova 
Institute  of  Organic  Chemistry,  The  Academy  of  Sciences  USSR,  Moscow 


a-Halogeno-dlalkyl  and  ethylaryl  ethers  of  the  general  formula 

R-CH2CHHal-0R* ,  where  R  *=  H,  CH3;Hal  =C1,  Br;  R*  Aik,  Ar 


are  prepared  at  present  by  hydroha loge nation  of  the  simple  vinyl  ethers,  a  . 
method  worked  out  by  the  authors: 

CH2=*CH-0R  +  HHal  - »  CHa-CH-Hal-OR  [1,2). 


This  simple  method' of  synthesizing  a-halogeno  ethers  gives  a  quantitative 
yield  and  the  synthesis  Is  not  accompanied  by  side  reactions,  so  ttot  the 
products  can  be  used  In  many  cases  for  further  synthesis  without  dlstlllatlrn, 
a-Halogeno-dlalkyl  and  ethylaryl  ethers  are  extremely  reactive  compounds. 

Their  tendency  to  react  chemically  Is  manifested  in  condensation  reactions 
and  In  the  substitution  of  chlorine  by  bromine  [1,6], 

CHa-CHCl-OAlk  +  Bra  — ►  CflaBr-CHBr-OAlk  +  HCl;  CHa-CHCl-OAlk  +  HBr - ► 

— CH3-CHBrK)Alk  ♦  HCl, 

In  their  Instability  to  light,  heat  and  moisture.  The  reactivity  of  a-halogeno 
ethers  Is  particularly  clearly  demonstrated  by  their  hydrolytic  breakdown.  Even 
atmospheric  moisture  causes  these  compounds  to  fume  with  evolution  of  the  hydrof^rm 
halides. 

Their  hydrolysis  In  excess  water  at  room  temperature  Is  Instantaneous, 
and  as  a  result  acetaldehyde,  hydrogen  halide  and  the  respective  alcohol  are 
formed.  ^ 

CHa-CH-Hal-OR  +  hOH - ^  CHa-^H  +  HHal  ROH. 


TABIE  1 


Constants  of  the  a-halogeno-ethers  analyzed 


Formula  of 

Bolling  point  (®C) 

the  ether 

(pressure  In 

mm  Hr) 

CHa-CHCl-OCHa 

69.5-70/760 

1.3960 

1.0005 

CHa-CHCl-OCaHs 

28-29/57 

1.4021 

0.9495 

CHa-CHCl-0C4H9 

34-55A 

1.4126 

0.9339 

CHa-CHCl-OCeHs 

97-98/24 

1.5225 

1.1150 

CHa^CHBi^CHa 

56.5-57/158  . 

1.4486 

1.4253 

CHanCHBr“K)C2H3 

U0-*H/U2 

1.4465 

1.2770 

CHa'~CHBx^^C4Hg 

57-58/10 

1.44^ 

1.2086 

CHa'^HBr'KX/aHa 

88-89/7 

1.5500 

1.3640 

CH2Cl*^C4Hg 

55-56/W 

1.4208 

0.9665 

The  rate  of  hydroTyois 
of  the  halogeno  ethers  Is 
similar  to  that  of  Ionic 
reactions,  so  that  all  tbe 
members  of  this  group  can 
be  quantitatively  titrated 
with  0.1  N  NaOH  using 
methyl  orange  as  an 
Indicator,  while  tbe  halide 
can  be  titrated  with  0.1  II 
AgNOa,  and  tbe  acetaldehyde 
by  the  bisulfite  method. 

This  property  of  the 
halogeno  ethers  was  used 
for  their  qualitative  and 
quantitative  determination. 
The  rate  of  hydrolysis  of 
halogeno  ethers  in  excesh 
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Formula  of  the 
ether 


CH-»-CHCl-OCH'» 


CRi-CHCl-OCgH. 


CHj-CHC1-0C4H9 


CH3-CHCI-OCQH5 


CRj-CEBr^CHs 


Weight,  0,1  N  NaOH  Molecular  velght  a-nalogeno 

In  g  used, in  Found  Calculated  ether,  ^ 

ml 


CHa-CHBi-OCpHs 


Formula  of  the 
ether 


CHa-CHCl-OCHa 

CH3-CHCI-OC2H5 

CHa“CHCl-0C4H9 

CHa-CHCl-OCcHs 

CHa-CHBr-OCHa 

CHa^CHBr^'^CgHs 

CHa”*CHBi“^C4H9 

CHa^CHBp'^CQ^g 

CH2C1-0C4Ho 


.1  N  AgNOa 
Bed. in  ml 


Found 


37.51 


32.65 

25.96 


22.65 


57.50 


52.2^^ 


97.31 

93.53 

97.00 


TAHTJE  h 


PcrK.‘;].\  0^  the 

Weight, 

0.1  N  X2 

CH?CH0/1  mcl  ether. 

a-lfcilogeno 

ether 

in  g 

used, in 

in 

_ 

ether,  ^ 

ml 

Found 

Calculated 

CF.3~CTCl~0C2Hp 

/  0.0892 
10.0902 

16.30 

l6.h5 

45.66 

^3.57 

99.23 

99.02 

CT^.r-CnCl-OCfi.Ha 

/O.C9IO 

1 0.1100 

13.30 

16.08 

43.93 

43.94 

99.8h 

99-86 

CT^“CnCl-*CCp5t; 

(0.1658 

10.1726 

21.07 

22.01 

43.80 

43.92 

Wi.C5 

99.55 

99.82 

CH-v-CJrnr-CC.f.Ha 

/0,121c 

1:0.1:98 

15.07 

13.00 

43.C7 

43.27 

97.^9 

98.34 

ni^ci-ociaa 

/0.]9’45 

I0.l86h 

51.77 

29.79 

29.76 

29.39 

30.02 

99.20 

97.97 

wHtcr  ur*.dc*.  t.be  cor^ltlona  employed  is  practically  Indepei^deDt  cf-tha 
mclecalar  weight  of  the  radical  llrJied  directly  to  ciygen.  There  ia 
pmctlcally  no  difference  either  lu  the  hydrolysis  of  a-hal.ogenc  irathyl 
f\vA  a«tAlcgecoethylalkyl  ethers  of  the  formolesj 

CBbHal-OR  and  CHarCHHal-OR* 

The  Qualitative  Reactions  used  for  a-Ha loge no  Ethers,  Vfejrei  l)  vlth 
fuchsia  suiTurous  acid  (Schiff’s  reagent J  a  red  color  develcps  which 
changes  into  the  violet  characteristic  of  aldehyde sj  2)  with  a  solution  of 
AgNO->  a  tfhlte  precipitate  of  AgCl  is  formed}  3)  a  red  color  develops  with 
methyl  orange  in  aqueous  media. 

TABLE  5^ 


Formula  of  the 
ether 

Halogen  found  hy 
combustion,  ^ 

Halogen  found  by 
titration  with 

0.1.  ArW;..  .  i. . 

Falcgen 

calc<i:.nted, 

--  --.i _ 

CBf-Clin-OCl^s 

57.02 

56.75 

57.51 

CIT  >-C5TC1-CCc,H5 

22.55 

22.37 

22  65 

GH  rCBBr-OCHa 

57.56 

57.46 

57..5O 

^  The  average  of  2 duplicates  la  given  in  the  table. 


g»TlalGgeT^  Ethers  can  be  'Determired  jtuantltAtlyel.y’  by  three  methods: 
l)  titration  of  free  acid  with  0,1  N  NaCH  (Table  2)/  ^  titration  of  free 
Cl"  with  0.1  N  A^C.3  (Table  3);  and  3)  titration  of  free  aldehyde  with 
bifiulflte  (Table  h). 

All  three  methods  give  good  agreement  (Table  5)  affiong  themaelveo 
and  vlth  the  results  of  halide  determinations  by  the  combustion  method 
(Table  6). 

Tba  methods  enumerated  vere  tested  on  8  representative  of  the  «-fcalogeso 
ethers  synthesized  by  the  methods  described  above  [1^2], 

EUSRBSKTAI 

Thsf  ethers  snalyzed  had  the  constants  given  la  Table  1  (constants  of  the  a- 
halogeno  ethers  analyzed). 
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TABLE  6 


Formula  of  th.e 

By  titration 

By  titration 

By  titration 

Halogen  by 

a -ha lege no 

with  0.1  N 

with  0.1  N 

with  bisulfite 

combustion 

ether 

NaOH 

A«N0^ 

CHa-CHCl-OCrHr 

f  101.1 

99.07 

99.55 

99.03 

i  100.3 

98.45 

99.82 

100.05 

CH3-GHCI-OCH? 

f  101,02 

1  101.30 

98.09 

99.33 

— 

98.15 

99.25 

CH3-CHBi^0CH3 

f  101.80 

99.83 

99.55 

\  101.50 

99.83 

- 

100.65 

CEs^CHBi^OCjiHg 

/  101.00 
\  101.40 

93.39 

98.91 

97.89 

98.3>» 

** 

1.  The  Quantitative  Determination  of  Halogen  In  ct«Halogeno  JS^herg, 
by  Titration  vlth  0,1  N  NaOH. 

An  ampoule  containing  the  test  ether  was  placed  In  a  flask  with  a 
ground  glass  stopper  and  containing  25  ml  distilled  water.  The  ampoule 
was  broken  and  the  liquids  carefully  mixed  and  then  titrated  with  0,1  N 
NaOH  using  methyl  orange  as  Indicator. 

2.  The  Quantitative  Determination  of  HalO.c^n  In 'a-HalogenO  Ethers  by 
Titration  vlth  0,1  N  AgNOa. 

25  ml  of  0.1  N  AgNO^,  20  ml  of  distilled  water  and  an  ampoule  of 
the  test  ether  were  placed  In  a  ground  glass  stoppered  flask.  The  ampoule 
was  broken,  the  liquids  mixed  and  then  excess  AgNOs  back  titrated  with 
0.1  N  KCNS  using  ferric  alum  as  Indicator. 

3.  The  Quantitative  Determination  of  Acetaldehyde  in  a-Halogeno  Ethers 
by  the  Blsulflt-e  Method. 

20  ml  of  distilled  water,  25  ml  of  0.2  N  sodium  bisulfite  and  an  aliquot 
of  the  test  ether  were  placed  in  a  ground  glass  stoppered  flask.  The  liquids 
were  well  mixed  for  15  minutes  and  after  a  further  15  minutes  standing 
excess  bisulfite  was  back  titrated  with  0,3.  N  Iodine.  Blank  tests  were 
made  In  each  Instance. 

Results  for  the  analysis  of  9  halogeno  ethers  are  given  In  Tables  2,  3^ 
4,  5  and  6.  Only  one  of  the  many  replicate  results  are  given  for  each  ether, 

SUMMARY 


1.  Methods  are  described  for  the  determination  of  the  concentration  of 
o-halogeno  ethers,  which  are  based  on  the  rapid  hydrolysis  of  these  compounds. 

2.  The  methods  proposed  enable  the  amount  of  fimctlonal  halogen,  the 
concentration  of  a-halogeno  ether,  the  position  of  the  halogen  and  the 
composition  of  the  alkyl  radical  to  be  determined;  they  can  also  be  applied 
for  mixtures  of  the  halogenated  ethers  with  neutral  solvent. 
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THE  USE  OF  THE  LUNGE  NITROMETER  FOR  THE  DETERMINATION  OF  NITROSAMINES, 


KITRAMINES,  AND  ALKYL  NITRATES 

B.  V.  Ioffe  and  Z.  I.  Sergeeva 
Leningrad  State  University 


Quantitative  reduction  of  nitric  and  nitrous  acids,  their  salts  and 
certain  of  their  derivatives  by  mercury  In  sulfuric  acid  media  to  give 
nitric  oxide  Is  used  In  organic  analysis  mainly  for  the  gas-volumetric 
determination  of  nitrocellulose  and  nltroglycerol.  References  In  the 
literature  [1,  2,  3l#  to  the  possibility  of  using  this  reaction  for 
analyzing  other  organic  derivatives  of  nitric  and  nitrous  acid  are  very 
meager. 

The  results  of  our  observations  on  the  applicability  of  reduction  In 
a  nitrometer  for  the  determination  of  the  simplest  esters  of  nitric  acid, 
N-nltroso  and  N-nltro  groups  are  given  In  the  present  paper,  In  addition 
to  observations  on  the  possibility  of  determining  nitric  acid  In  the 
presence  of  certain  organic  compounds  by  this  method. 

Experiments,  the  results  of  which  are  given  below  were  carried  out 
In  a  standard  flve-llmbed  nitrometer  by  the  usual  method  used  for  nitro¬ 
cellulose  analysis.  Preparations  of  dlalkyl-nltrosamlnes  were  made  by 
distillation  of  the  hydrochlorides  of  the  respective  amines  with  sodium 
nitrite  [i^],  while  dlcyclohexylnltrosamlne  was  made  by  heating  dlcyclo- 
hexylamlne  acetate  with  sodium  nitrite  [5].  Dlmethylnltramlne  was  prepared 
by  dehydration  of  dlmethylamlne  nitrate  with  acetic  anhydride  [6],  while 
methyl  and  ethyl  nitrates  were  made  by  the  action  of  nitric  acid  on  the 
respective  alcohols  [7].  Dlalkyl-nltrosamlnes  and  alkyl  nitrates  were 
purified  by  distillation,  while  dlcyclohexylnltrosamlne  and  dlmethyl¬ 
nltramlne  were  purified  by  re crystallization.  The  constants  for  these 
preparations \were  In  good  agreement  with  published  results.  The  nitric 
acid  used  was  chemically  pure  grade,  sp.  gr.  1.4, 

Cope  and  Barab  [l]  recommended  a  nltrometrlc  method  for  the  determination 
of  nltro  groups  In  N-nltramlnes,  and  of  nltroso  groups  In  N-nltrosamlnes, 

These  authors  reckoned  that  the  capacity  to  be  reduced  by  mercury  In.  sulfuric 
acid  Is  characteristic  of  nltramlnes  and  nltrosamlnes, which  clearly  distinguishes 
them  from  C-nltro  and  C-nltroso  compounds.  Cope  and  Barab  came  to  this  con¬ 
clusion  on  the  basis  of  experiments  with  nltro-urea,  nltro-guanldlne,  tetryl, 
and  dlphenylnltrosamlne.  In  attempting  to  use  the  Lunge  nitrometer  for  the 
determination  of  aliphatic  and  alicycllc  nltrosamlnes  and  nltramlnes  we  found 
that  dimethyl-,  diethyl-,  dl-n-propyl-  and  dlcyclohexyl  nltrosamlnes  and  also 
dimethyl  nltramlne.  In  general  did  not  evolve  gas  on  shaking  with  concentrated 
sulfuric  acid  and  mercury  at  room  temperature.  These  compounds^ therefore^ 
while  being  typical  representatives  of  the  nltrosamlnes  and  nltramlnes,  differ 
sharply  from  nltro-urea,  nltroguanldlne,  and  their  aromatic  analogs  In  their 
behavior  In  a  nitrometer.  Thus,  despite  what  the  American  authors  say  [l], 
the  capacity  to  be  reduced  In  a  nitrometer  cannot  be  regarded  as  characteristic 
of  the  group  '>If-R02  and  >N-NO  as  distinct  frcaa  =0-N02  and  —C-NO  and  the 
results  which  they  obtained  must  be  regarded  as  a  consequence  of  the  effect 
of  the  ’>‘0=  0  group  connected  to  nitrogen  (In  nltro-urea),  of  NH  (in 

nltro-guanldlne)  and  of  the  benzene  ring  (in  tetryl  and  diphenyl  nltrosamlne). 
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TABLE  1 


Deternlnatlcn  of  the  lower  alkyl  nitrates  In  a  nltrciceter 


Test  substance 

Amount  taken. 

In  mg 

Amount  found, 
in  mg 

Difference, 

Methyl-nitrate  (17.**5t 
solution  In  acetic  acid).  .  . 

112,3 

115.0 

^  2.1^ 

Methyl-nitrate  (17-^^ 
solution  In  acetic  acid).  .  . 

lUi.6 

iIv5.8 

+  1.6 

Methyl-nitrate  (l?.2^ 
solution  In  methyl  alcohol)  . 

70  2 

68.5 

-  2.*^ 

Methyl  -nltrate( 

solution  In  methyl  alcohol)  . 

72.5 

70.2 

-  3.2 

Ethyl -nitrate  . 

186.V 

98.1 

-■•7.5 

Ethyl  -nitrate . 

172.2 

85.5 

-^1.7 

Ethyl-nitrate  . 

570.8 

199.5 

-46.2 

Ethyl-nitrate  (75^^  solution 

In  ethyl  alcohol) 

155.6 

117.0 

-12.4 

Ethyl -nitrate  (80^  solution 

75.6 

-60.9 

in  ethyl  alcohol)  . 

1 

198.6 

1 

TABLE  2 

Determination  of  nitric  acid  In  a  nitrometer  In  the  presence  of 
organic  compounds 


Organic  compounds 

Taken  I 

1  Found 

Organic 
compound. 
In  mg 

HNO3, 
in  mg 

HNOa, 
in  mg 

^  of  the 
acid  found 

Methyl  alcohol  .... 

449 

301.1 

304.2 

101.0 

Methyl  alcohol  .... 

1848 

271.9 

267.5 

98.3 

Ethyl  alcohol  .... 

535 

214.5 

131.7 

61.5 

Ethyl  alcohol  .... 

157'* 

328.4 

165.2 

50.3 

Isopropyl  alcohol  .  . 

678 

368.9 

299.7 

81.2 

Isopropyl  alcohol  .  . 

1213 

234.5 

184.9 

78.8 

Isobutyl  alcohol  ... 

848 

227.6 

64.2 

28.2 

Isobutyl  alcohol  .  .  • 

2585 

287.1 

18.0 

6.3 

Dimethylnltrosamlne,  • 

381 

58.1 

58.0 

99.8 

Dlmethylnltrosamlne.  , 

621 

9^.7 

91*. 3 

99.6 

Diethylnltrosamlne  .  . 

187 

IS"*.? 

155.6 

100.6 

Dlethylnltrosamlne  .  . 
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79.6 

79.6 

100.0 

We  also  checked  on  the  possibility  of  using  the  nltrometrlc  method  for 
the  analysis  of  simple  alkyl  nitrates.  The  results  obtained  (some  of  which 
are  published  in  Table  1)  show  that  methyl  nitrate  can  be  determined  with  a 
fair  degree  of  accuracy  (up  to  2-55^  of  the  amount  taken),  while  the  method 
is  not  suitable  for  the  determination  of  ethyl  nitrate;  the  results  in  the 
latter  case  being  low  and  variable.  In  the  case  of  ethyl  nitrate^  reduction 
to  nitric  oxide  is  presumably  acccmpanied  by  other  processes  and  leads  to  the 
formation  of  nitrate  compounds  which  cannot  be  reduced  to  nitric  oxide. 

The  results  given  in  Table  2  are  for  the  determination  of  nitric  acid  In 
the  presence  of  a  number  of  alcohols  and  aliphatic  nitrosamines.  Ih  these 


experiments  the  aliquots  of  nitric  acid  and  the  organic  compound  are  mixed  la  the 
nitrometer  funnel  directly  before  determination. 

These  results  show  that  methyl  alcohol  does  not  Interfere  with  the  determina¬ 
tion  of  the  nitrate  group;  nevertheless, the  presence  of  considerable  amounts  of 
other  alcohols  leads  to  low  results  and  the  nltrometrlc  method  cannot  be  used. 

It  Is  Interesting  to  note  that  dlalkylnltrosamlnes  not  only  do  not  react 
themselves  but  they  do  not  Interfere  with  the  determination  of  nitric  acid 
either. 

SUMMARY 

1.  In  contradiction  to  published  results,  the  capacity  to  be  reduced  In 
a  Lunge  nitrometer  to  nitric  oxide  Is  not  a  characteristic  of  N-nltroso  and 
N-nltro  groups.  Aliphatic  and  allcycllc  nltrosamlnes  and  nltramlnes  do 

not  react  with  mercury  and  concentrated  sulfuric  acid  In  the  cold. 

2.  The  nitrometer  method  cannot  be  universally  employed  Tor  the  analysis 
of  alkyl  nitrates.  Methyl  nitrate  can  be  determined  satisfactorily  by  this 
method  but  It  Is  not  applicable  to  ethyl  nitrate. 

3.  Whether  or  not  nitric  acid  can  be  determined  In  the  presence  of 
considerable  amounts  of  organic  compounds  requires  experlmentol  verifica¬ 
tion  In  each  Individual  case.  Methyl  alcohol  and  dlalkyl  nltrosamlnes  do 
not  Interfere  with  the  determination  of  nitric  acld(  In  the  nitrometer. 

Received  September  11th,  1952* 
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CRITICISM 


N,  I.  Blok.  Qualitative  CheLlcal  Analysis,  Moscov-Lenlngrad. 

State  Chen.  Press,  1952,  p.  668,  Print  10,000  Price  22  roubles  25  kopeks 

A  gap  In  Russian  textbooks  on  qualitative  chemical  analysis  Is  to  some 
extent  filled  by  N.  I.  Blok*  s  book. 

Both  the  negative  and  positive  aspects  of  the  textbook  are  discussed  In 
this  revlev. 

In  his  Introduction  £n  the  first  part  of  the  book  (there  are  five  parts 
In  all)  the  aut^hor  correctly  points  out  that  Russian  scientists  occupy  a 
prominent  position  both  In  the  history  of  analytical  chemistry  and  In  the 
history  of  chemical  science  In  general;  they  have  developed  many  of  the  most 
Important  fields  of  this  science.  Unfortunately,  the  author  does  not 
mention  the  huge  developments  made  In  analytical  chemistry  since  the  October 
Socialist  Revolution, nor  the  names  of  the  foremost  Soviet  analysts  (N.  A. 
Tananaev,  I.  V.  Tananaev,  I.  P.  Allmarln,  A.  M.  Dymov,  etc.); 

The  book  starts  with  an  exposition  of  the  theoretical  basis  of  analytical 
chemistry.  The  special  chapter  on  'The  D.  I.  Mendeleev  periodic  law  and  the 
analytical  classification  of  Ions"  favorably  distinguishes  this  book  from  other 
similar  textbooks This  chapter  Includes  results  of  the  author's  work  which 
shows  the  significance  of  the  periodic  law  for  analytical  chemistry.  N.  I. 

Blok  Is  absolutely  right  in  affirming  that  the  classification  of  cations,  which 
Is  related  to  the  varying  solubility  of  the  metallic  sulfides.  Is  a  logical 
outcome  of  the  periodic  law.  Thus,  the  earlier  artificial  division  of  cations 
Into  analytical  groups  according  to  the  solubilities  of  their  salts  actually 
depends  on  the  position  of  the  metal  In  the  periodic  system. 

This  very  valuable  chapter  clarifies  anew  the  division  of  cations  Into 
groups  based  on  the  classical  hydrogen  sulfide  method.  It  must  be  emphasized 
that  such  an  understanding  of  the  analytical  classification, which  Is  absent 
In  other  textbooks  on  qualitative  analysis  Is  of  great  significance  In  the 
methodological  sense.  By  describing  the  Individual  analytical  groups,  the 
author  starts  from  the  right  position,  thanks  to  which  all  the  material  in 
the  book  Is  considered  from  one  vlewpolnt,and  this  makes  It  valuable  and 
complete . 

In  the  succeeding  chapters  of  the  first  part,  the  author  sets  forth  the 
law  of  mass  action,  chemical  equilibrium,  solubility  product,  hydrogen  Ion 
concentration,  hydrolysis,  etc. 

With  regard  to  this  part  the  following  observations  may  be  made.  In 
expounding  the  theory  of  electrolytic  dissociation  and  the  role  of  I.  A. 

Kablukov  In  the  development  of  views  on  solution  processes  (vide  p.*  50)’, 
he  should  first  of  all  have  said  something  about  D.  I.  Mendeleev's  theory 
of  hydration,  and  then  followed  this  with  Its  relation  to  the  theory  of  electro¬ 
lytic  dissociation,  and  subsequently  discussed  I.A.Kablukov* s  vies,  which  are 
necessary  for  uniting  the  two  theories.  The  author  pays  little  attention  to  the 
accompanying  reactions  of  copreclpltatlon,  although  they  J)lay  an  Important  part 
In  reactions  of  separation. 

In  the  author's  words  "the  nature  of  Ionic  copreclpltatlon  Is  variable'* 

Vp.  150)  and  the  process  Is  explained  by  him, as  well  as  other  phenqmena,by 
successive  precipitation.  One  cannot  agree  with  this.  The  nature  of  copre- 
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clpltation  can  be  ascribed  to  various  causes:  adsorption,  formation  of  mixed 
crystals,  chemical  combination  or  occlusion,  but  it  cannot  be  explained  by 
Successive  precipitation  since  this  phenomenon  Itself  still  remains  to  be 
explained. 

A  6ep»irate  chapter  Is  devoted  to  oxidation-reduction  reactions.  Considering 
the  Importance  of  oxidation-reduction  processes  In  chemical  analysis,  one  cannot 
be  satisfied  with  the  small  number  of  examples  —  and  those  of  the  simplest  “•  given 
here . 

The  author  has  made  a  number  of  errors  In  describing  various  oxidation 
reactions. 

One  cannot  talk  about  oxidation  In  connection  with  the  effect  of 
hydrogen  peroxide  on  vanadium  and  chromium  salts  when  the  valdncy  of  the  elements 
Is  not  changed.  A  similar  error  has  been  made  In  describing  the  formation  of 
perchromlc  adds.  The  author  states  that  "they  are  prepared  by  the  oxidation 
of  chromic  acid  with  hydrogen  peroxide*  (p,  2U9).  But  chromium  Is  qulnquevalent 
In  perchromlc  acid, while  both  In  chromates  and  bichromates  this  element  Is 
hexa/alent.  He  makes  the  same  mistake  when  talking  about  the  oxidizing  action 
of  hydrogen  peroxide  on  ammonium  molybdate  In  ammonlacal  media  (vide  p,  **69) • 

From  the  formula  adduced  there,  it  Is  obvious  that  the  valency  of  molybdenum 
does  not  change. 

In  the  chapter  on  the  application  of  organic  reagents  a  formal  list  of 
the  reagents  Is  given.  Before  describing  the  reagents  themselves  however, 
he  should  have  set  out  the  theoretical  principles  of  their  action,  e.g.  the 
presence  of  atomic  groups  used  for  detecting  particular  elements. 

t 

The  second  part  contains  a  description  of  special  reactions  for  cations 
of  various  groups.  'The  characteristics  of  each  group  Is  given  before  a 
description  of  the  group,  while  In  conclusion  a  systematic  scheme  of  analysis 
Is  given.  Analytical  procedures  are  given  for  all  five  analytical  groups.  The 
author  acquaints  the  reader  with  the  electronic  structures  of  each  group  and 
also  with  the  Ionic  potential  of  the  cations  considered.  The  ionic  potentials 
are  compared  with  the  base  strength  of  the  respective  metals  in  separate  tables. 
In  this  way  N.  I,  Blok  has  attempted  to  come  to  a  new  characterization  of  the 
Ions, and  has  given  a  deeper  understanding  of  the  properties  of  their  compounds. 

It  Is  a  pity  that  the  reactions  and  the  analytical  procedure  are  only 
given  for  Individual  rare  elements  —  this  Is  Insufficient. 

A  textbook  which  contains  a  large  amount  of  material  should  Include  more 
data  on  the  rare  elements.  Without  their  Inclusion  this  part  of  the  hook 
leaves  an  Impression  of  Incompleteness.  The  sensitivity  and  specificity  for 
each  special  reaction  should  have  been  given  but  have  not.  Little  attention 
has  been  given  to  systematic  analysis.  In  describing  It  and  Individual 
operations,  only  passing  reference  has  been  made  to  the  amount  of  a  cation 
that  can  thereby  be  determined.  In  such  a  case  not  only  a  qualitative  but 
also  an  approximately  quantitative  evaluation  of  the  cation  present  should 
have  been  given;  this  would  lead  to  more  accurate  and  careful  work.  All 
analytical  operations  should  have  been  described  In  more  detail, and  any 
difficulties  likely  to  be  met  In  carrying  out  these  reactions  explained. 

Special  reactions  and  analytical  procedures  for  anions *make  up  the 
contents  of  the  third  part  of  the  book.  19  acids  are  considered.  Reactions 
for  arsenic  and  arsenlous  acids  are  given  In  the  section  on  cations. 

In  considering  the  classification  of  anions  the  author  points  out  the 
absence  of  a  ^bullt  up  systematlt  analytical  procedure  for  anions*  (p.  ^87) 
and  also  the  absence  of  reagents  which  enable  the  anion  to  be  quantitatively 
separated  into  groups,  which  Is  necessary  for  detecting  them  in  individual 
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portions  c**  te^t  solution.  One  should  add  to  this  that  a  large  number  of 
schemes  for  the  analysis  of  arlons  has  "been  put  fc.rward  and  the  exjjedlency  of 
using  the  different  schemes  considered  many  tlmes^  noiu»  of  them  have,  however, 
achieved  any  practical  significance  hitherto.  It  should  he  possible  to 
mention  the  reactions  underlying  such  schemes  and  their  drawbacks. 

Nothing  Is  said  In  this  book  about  such  acids  as  manganic,  chromic, 
ferrocyanlc,  and  acetic  acids.  Oxidation  and  reduction  reactions  which 
play  such  an  Import-ant  role  in  anion  analysis  are  not*  considered.  The 
presence  of  anions  which  possess  both  oxidizing  and  reducing  properties  In 
the  mixtures  being  analyzed  leads  to  complications  for  the  analyst.  This 
problem  Is  not  discussed  in  this  bock;  neither  is  the  respective  analytical 
procedure  described. 

Procedures  for  anion  analysis  as  a  whole  or  for  the  determination  of 
individual  anions  are  not  treated  in  sufficient  detail.  As  an  example  we 
may  quote  the  method  of  preparing  sodium  carbonate  extracts,  where  a  number 
of  operational  details  which  are  essential  for  carrying  out  the  extraction 
and  for  an  understanding  of  the  reactions  which  occur  during  this  are  omitted. 
The  same  applies  to  sulfate  ion  determination.  Compllcatlous  which  might 
ensue  are  not  pointed  out. 

Special  methods, such  as  mlcrocrystarlloscopy  and  spot  analysis,  comprise 
the  fourth  section  of  the  hook.  Their  Inclusion  in  a  book  on*' qualitative 
analysis  is  Justified. 

More  should  have  been  said  about  chromatographic  analysis,  and  examples 
of  its  application  In  qualitative  analysis  glvea^ 

Systematic  qualitative  analysis  Is  described  In  the  last  part  of  '^he 
book.  The  material* Is  set  out  fairly  completely  and  systematically.  The 
author  Is  correct  In  paying  considerable  attention  to  alloy  analysis. 

We  should  like  to  make  some  special  observations.  The  choice  of  an 
acetate  buffer  to  show  how  little  the  pH  changes  on  addition  of  hydrochloric 
acid  or  sodium  hydroxide  (see  p.  102)  is  unfortunate.  This  change  cannot 
be  regarded  as  insignificant  when  the  pH  values  are  4,  5  asd  6.  The  use 
of  the  term  ®slllcomolyhdlc  acid"  is  doubtful  (yide  p.  159) •  The  expression 
'•individual  molecules  stick  together*  Is  unfortunate  (p.  1^). 

In  places  the  material  could  be  set  out  more  clearly.  The  student  can^t 
understand  Eq  in  Nernst*  s  equation  (p.  1.45)  since  normal  potential  Is  not 
discussed  until  pp.  145-146. 

There  are  some  misprints.  The  formulasglven  for  tartaric  acid,p.  l40, 
and  for  manganese  oxalate,  p.  150,  are  wrong. 

In  a  final  summing  of  a  book  designed  for  cCtudents^  and  for  workers 
in  analytical  laboratories  and  chemical  factories,  we  can  say  that  Its 
undoubted  merits,  particularly  the  original  treatment  of  the  principle  of 
analytical  classification  of  cations,  makes  it  worth  while  working  further 
on  this  book  to  eliminate  its  drawbacks. 

N.  A.  Rudnev 
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CHRONICLE 


CONFERENCE  ON  CHEOMOTO(»APHI 


The  V.  I.  Vernadsky  Institute  of  Geochemistry  and  Analytical  Chemistry 
of  the  USSR  Academy  of  Sciences,  In  conjunction  with  the  commission  on  chroma¬ 
tography  of  the  Division  of  Chemical  Science  of  the  USSR  Academy 
of  Sciences, Intends  to  call  a  conference  In  November, 1953^ on  the  application 
of  M.  S.  Tsvet's  chromatographic  method  In  analytical  chemistry. 

The  conference  will  hear  reports  on  the  application  of  adsorption, 
partition  (Including  paper  chromatography),  Ion-exchange,  and  precipitation 
chromatography,  for  the  analysis  of  mixtures  of  organic  and  Inorganic 
compounds.  Testing  of  sorbents  will  also  be  discussed. 

Those  wishing  to  pcrtlclpate  In  the  conference  should  communicate 
with  the  Organizing  Committee  at  the  following  address: 

Moscow,  49,  P,  0.  Box  3085 


From  the  Division  of  Chemical  Science  of  the  USSR  Academy  of  Sciences 


The  Section  of  Chemical  Sciences  of  the  USSR  Academy  of  Sciences  wishes 
to  announce  to  all  chemists,  and  scientific  and  engineering-technical  workers 
In  other  branches  of  science  working  on  chemical  problems  In  research  Institutes, 
higher  educational  Institutions,  and  factory  laboratories  that  It  intends  to 
hold  a  conference  on  chemical  kinetics  and  reactivity  In  Moscow  during  1933* 

In  addition  discussions  will  also  be  held  at  the  conference  on  such 
Important  theoretical  questions  as  the  relation  between  quantities  such  as 
velocity  constants,  activation  energy,  and  sterlc  hindrance;  the  part  played 
by  free  radicals  In  Ionic  and  chemical  transformations;  the  nature  of  the 
activation  of  molecules  In  homogeneous  and  heterogeneous  reactions;  the 
basic  types  of  chemical  transformations  (chain  mechanism,  Ionic,  simple 
molecular)  and  their  occurrence;  the  nature  of  the  effect  of  the  media  on  the 
course  of  chemical  reactions;  methods  of  bulldlhgj  up  a  theory  of  chemical  pro¬ 
cesses  on  the  basis  of  molecular  structural  theory,  etc. • 

The  Division  of  Chemical  Sciences  considers  it  essential  that  attention 

should  be  given  to  the  role  and  significance  of  chemical  kinetics  In  chemical 
technology. 

As  a  result  of  the  conference  a  concrete  program  should  be  mapped  out  for 
coordinating  the  work  of  physical  and  organic  chemists  on  questions, relating 
to  the  theory  of  chemical  processes  and  the  direction  of  research  activity 
In  chemical  kinetics  which  can  serve  as  a  basis  for  further  systematic 
developments  In  this  branch  of  chemistry. 

Reports  will  be  read  at  the  conference  dealing  with  the  theoretical 
problems  of  chemical  kinetics,  chemical  kinetics  In  organic  chemical  reactions, 
and  the  chemistry  and  chemical  kinetics  of  catalytic  processes.  Side  by  side 
with  these  reports,  papers  will  be  read  on  the  ^sults  of  original  work, 
both  practical  and  theoretical,  of  direct  Importance  to  the  theme  of  the 
conference.  Theses,  and  If  possible  the  actual  text  of  any  reports  to  be 
read  should  be  sent  to  the  Organizing  Committee  of  the  Conference. 

Address.  Organizing  Committee;  Moscow. 

B.  Kaluzhskaya  31,  Section  of  Chemical 

Sciences  USSR  Academy  of  Sciences. 
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CHEMISTRY  IN  THE  PUBLICATIONS  OF  THE  ACADEMY  OF  SCIENCES 

No.  2,  1931-1935.  Coaplled  by  0.  P.  Kamenogradskaya  and  V.  P.  Alekseer 

(Chemical  Literature  of  the  USSR,  Vol.  Noi.  1,  Issue  2.  Edited  by  V.  P. 
Barzakovsky  and  K.  I.  Shafranovsky,  vlth  a  foreword  by  0.  E.  Evyaglntsev), 
1951#  245  pp.,  with  Illustrations.  Price  15  roubles,  30  kopeks,  bound. 

1276  separate  books  on  chemistry  published  by  the  USSR  Academy  of  Sciences 
during  1931-1935  are  included. 

The  book  is  on  sale  at  all  "Akademknlfca"  book  shops. 

Foreign  orders  should  be  sent  to  the  Office  of  the  Akademknlga,  Moscow, 

B.  Cherkassky,  2. 


NECOIAI  DMITRIEVICH  ZEUNSKT 


Academician  Nikolai  Dmitrievich  Zelinsky, a  foremost  organic  chemist 
and  a  Hero  of  Socialist  Labor, died  on  July  31,  1953  in  his  93rd  year. 

With  Nikolai  Dmitrievich  Zelinsky* s  death  ve  have  lost  a  remarkable 
man  and  a  scientist  vhose  discoveries  gained  him  vorld  renovn. 

He  was  bom  on  February  6,  l86l.  He  received  his  higher  education 

at  Odessa  University.  In  l89>v  ^ing  already  famous  as  a  scientist^  Nikolai 
Dmitrievich  was  invited  to  become  a  professor  of  organic  and  analytical 
chemistry  In  Moscow  University.  From  this  time  his  scientific  and 
pedagogical  activities  were  Indissolubly  bound  up  with  Moscow  University. 

Zelinsky  was  a  scientist  with  a  profound  and  wide  knowledge;  his 
activities  were  numerous  and  varied. 

His  Investigations  In  organic  syntheses,  catalysis,  and  in  other  fields 
of  organic  chemistry  played  a  leading  role  In  world  science. 

Starting  at  the  tine  he  entered  Moscow  University,  he  devoted  his 
energies  to  developing  the  new  and  Important  branch  of  petroleum  chemistry. 

These  Investigations  were  of  great  practical  Importance,  since  they  led 
to  the  production  on  an  Industrial  scale  of  aromatic  hydrocarbons  from  this 
raw  material.  Showing  a  profound  Interest  In  petroleum  chemistry,  Zelinsky 
devoted  considerable  labor  to  the  development  of  methods  of  investigating  the 
composition  of  petroleum  and  studying  the  nature  of  Russian  petroleum  and 
petroleum  products.  During  the  period  when  our  country  was  sorely  in  need  of 
aviation  gasoline,  he  developed  a  new  method  for  producing  it  from  the  fuel 
oil  and  petroleum  available. 

Zelinsky*  s  work  on  proteins  enabled  an  approach  to  be  made  to  solving 
their  structure. 

Of  exceptional  Importance  Is  his  work  on  the  use  of  activated  charcoal 
for  adsorbing  poison  ^ses. 

He  also  carried  out  a  considerable  amount  of  work  in  analytical  chemistry. 
He  Improved  the  nlnhydrln  reaction  for  proteins,  and  gave  a  method  for  detecting 
cyclopentane  hydrocarbons  and  a  new  quantitative  method  for  the  determination 
of  fat  in  animal  materials, etc. 

Altogether  he  published  350  papers  either  on  his  own  or  in  conjunction 
with  his  students. 

In  his  scientific  work  he  constantly  attracted  talented  young  research 
workers,  as  a  result  of  which  he  created  the  most  outstanding  school  of 
organic  chemistry  in  the  Soviet  Union.  His  students  work  in  research  institutes 
university,  and  factory  laboratories.  Many  of  them  have  been  made  active 
members  of  the  Academy  of  Sciences  of  the  USSR. 

Zelinsky*  s  name  is  very  popular  with  us.  Ve  all  knew  his  indefatigable 
struggle  for  peace  and  his  fex  trent  exhortation  to  scientists  and  to  youth 
to  defend  peace. 

The  editorial  board  and  the  readers  of  the  Journal  of  Analytical  Chemistry 
together  with  all  Soviet  scientists  are  proud  of  the  great  scientist  and  fervent 
patriot  of  our  country  who  devoted  his  life  for  the  Socialist  Fatherland. 


